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PREFACE TO THIRD EDITION 


Tic promt edition has been expended somewhat to admit 
of hi being need u a text by student* In Chemistry and Chemical 
TCnglnneringln thdr Junior year. It la believed that the added 
material win itfll leave the work well adapted to the ohnmlnd 
etatoa of atodenti In Mechanical Engineering. Tarsaohetodenti 
it Is well to begin with the topic af Bafler Water*, dnoe this 
■aim as an mallet medi um for reviving their elementary 
ohemlfby. For noh atodanta it wfll be found deriraMo aho'to 
devote two or three periods to a review of aooh toploe aa no- 
manalatan, nepedally that relating to adda, bases and Belts, also 
talenoe, reactions, eolnUHtine, and a dmpHfled arrangement of 
the periodic table which wfll set forth theae propur ties far about 
10 or 18 of this more Mmnwin elements. TUa will. Innlnda prac- 
tically all of the chemical Ukely to be met with in 

the itody of bailer water*. It wfll hare the farther advantage of 
connecting many djanleal facta with a toplo of Immediate interert 
to the- engineer, and in aoeh a manner aa Incidentally to advance 
him materially in the matter of hla chemical information. 

The author la nnHw apodal obligation to Jloyd B. Hobart for 
hla very efficient h*lp In preporing the numoaoript for the printer. 
He wkhea also to ex pr eei hla appreciation for helpful anggeationa 
and oarafol reading of the text by Dr. T. B. Layng and Dr. M. J. 
Bradley, also to Dr. R. B. Greenfield far reviewing the tart an 
Bafler 'Waters and to J. M. Iindgren far hclphil aaggeationa on 
methods for fuels and alia. 

Gritidane and uggestiona from uaera will be especially 
welcome. 


UarveH mt aw Iiuna 
tJniu, iLuioa, 
(Ur, 1BL 


B. W. Fabb. 



PREFACE TO FIRST AND SECOND EDITIONS 

TMi work to fafapufaii primarily far Junkm In Mnnh a nin el and 
Hallway Un giwynplTig at the Uniroraity of UHnoto . 

Fran the whmwfwl standpoint, It la a Tory esrious problem to 
know what may profitably be attempted in the way of analytical 
muflinj ii in tim oggg of students whose nhami onl szpsrienoe la 
meager. But, however nnmtiafaotory the amount of preliminary 
training, it la obvious that the oaniamlnin in En g ineerin g 
ooanea la already ovurerowded, hams the obtaining of a batter 
prerequisite in la well nigh impawdble* Tha work aa 

herein outlined la tha result of ten yean of effort to m al m tha 
most of th* situation. It would be quite too znnoh to rilahn that 
In the evolution of the work a satisfactory atatua has been, 
attained It la hoped, however, that tha oourse will at least 
Violp the w»|hmg to a better understanding of the literature of 
the topioe ooniidamd mi also to an appreciation and, oc ma s- 
quently, a more inteDlgent use of data whieh may oome into hto 
liiwk from the ohamtot. It may not be out of plaoe to state 
further that the ooutsb, whieh) at the first, was inaugurated with 
no little misgiving, has more then Justified the experiment For 
this result aredit to due the students, who, from year to year have 
carried the work through with a reeponrivsna* which baa been 
the Tn»ln stimnhw In developing this outUno into its present form. 

Pert Ito a aynopefa only of tha lectures given. Part II eonetoto 
ymndnUy of laboratory directiona for the analytical methods 
there undertaken. The time allowance for lectures, q uisle s , 
and laboratory to nine hours par weak far IB weeks. Tie amount 
of wor k as outlined to such that the average student oovsm the 
ground in the time pmerfbed. 

Special acknowledgment to due Dr. H. J. Brodareon for ng- 
posted improvements in the preeent edition and for valued tabt* 
anew in the reading of proof. 
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THE ANALYSIS 
on 

FUEL, GAB, WATEB AND LUBBI0ANT8 

PAET I 
LECTUBM 


OHAPTHB I 
Pun 

IntrodnetioiL — Motion, IndnrtHillj oonddered, la a oomniodfty 
wUuh, when. available In proper form and in aaffldent quantity, la 
dad g n a te d u power. 

Hifi aourooa of motion on two In number ; 

1. .Gravity. 

S. Qhamloal action. 

Gravity to tranafanned into motion through the of 

tolling water, and to a amaltor extant by wi— of wind onmnta. 

Ghemloal activity may be derived from the world's foal anpply 
In greater amount and at ton oast than from any other eonrae. 

By the bunting rffnAohenrieri action may hflTnaHatntr ^ngf^ r 
ita motion through the medium of steam or! to a ■"■r- extend 
aa In the int ern al eom b nation engine! directly and withont any 
medhun,' to the working parts erf machinery. Proximity to foal 
beds, therefore! or aowafhfflty by reeaan of ■M p i^n I fatttin 
to an index of promt or potential activity along industrial 
Hence, H to evident that the fundamental pm pose of the indw* 
tidal examination of fueb to to meaeore oozreotiy the amount 
of o heminalty active material which retidas in a given sample. 
Thto m ay be determined In two way: Pint, by anXlytiml zqeth- 
ods wberrfn the amount of Inorganic or ehemloally inactive 
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snbrtanoe 1b determined, u ritotinnt from the organic or chem- 
ically active material; and, seoond, by aotaal oomtwtion 
whereby the fud k made to Indicate its activity by the evolution 
of heat, the quantity of which may be meaeured. 

Fuel Types. — Far oanvenlenoo In dkoankm, fuels an divided 
Into solid, liquid, and psoon typo. This daadfleation with 
further sobdfyislooa may be shown in tabulated form, as follows: 


Solid 


Vnu 


liquid 


0*1 

Ooku ad Ohamaal 
Wood 
ftU ol wm 
DWkia 



Natural Om 
Boob Gfau 
Frodswr Ota 


Coal, — Goal is by far the moot abundant and choapsst of all 
fuak. It varies in ohaiaster from the hard, roek-Uke anthmdtca 
to the soft Hgnftoe. The Inert nan-eotivB eubetanoes in the form 
of water and ash vary from 6 to 40 per cent, and an inversely 
rela t ed to the quantity o f heat available. Btnoe these faetors 
an fundamental in the commercial estimaticm of values, ohuel- 
floatkm, eta., they will be dJeouand under the more general 
line Until t of coal which la taken up later. 

Coke^-Ookc la at taeaeni ahlefly a fuel having ipedal proper- 
ties which make It auitafaie tar metoUnrgleal purposes. It has 
vsy little inactive material except the ash, which k always of 
higher peroentage than in the oaal from which' it k made. Maas-* 
tired In terms of haatunlts, oaks Is approximately equal to the 
average anthracite coal. 

Wood. — By reason of the high oost of wood, it k rapidly 
p s tfn g out of tbs Ust of available fuels. While lie oanfent af 
inaetive substance in the farm of aril la low, its content of free 
mokture k high even in aeasoned wood, ml together with 
eombined water ecnetiUitea more than half of the wood by weight. 
Itp activity, therefore, measured as heat k only about half that 
of good eoal avenging 0^00 or 7,000 B.fcu. par pound of wood* 
Btnoe a Sard of well isisnnod oak or maple weighs apjpmndmatriy 1 
4,000 fl>., that amount k equal in boat vahirto 1 tan of ooal, 


rUKIA 8 

Pino vood la Approximately | u heavy with a slightly higher 
thermal value per pound. 

Petroleum. — Chemically considered, petroleum la a oomplex 
mixture of hydrocarbons in which those of the heavier typo, 
having a lower ratio at hydrogen to carbon, predo mina te. The 
heat vslnesmngB from 18)000 to 90,000 B.tiLpa pound. Crude 
petroleum varies in oharaotsr, some distriots yielding heavier 
and some lighter oils. Petroleum raridnea have had the lighter 
oHa removed by distillation. There zealduea are of hitter 
aptaULo gravity and lower heat value. 

Distillates. — The distillates are hydrocarbon compounds 
mainly derived from petroleum, and an almost entirely free 
from inactive material. Their heat value varies with the spedfle 
gravity, which directly Is a measure of the jutio of carbon to 
hydrogen. The lighter the distillate the higher the ratio of 
hydrogen and, consequently, the higher the heat value, which 
may vary from 10,000 to 88,000 B.t-u. per pound. 

Alcohol. — Alcohol Is a prospective rather than a present souroe 
of fuel energy. It In v ul x re the fermentation of starch as 
obtained from grain, potatoes, etc. or of sugars, as In by^produet 
mnlspne from sugar factories, or of wood waste after hydrolyalng 
the oaUulnan. Interesting pnreftiftitins also of synthetic aloohol 
from acetylene and ethylene have recently beau developed. 

Alcohol boa no ash but a large percentage (84J par cent) of 
Mwnhhwirf oxygen, which approximately le p r o a en te the inert 
material. Its beat value in pure form is 18,801 B.taL per pokmd. 

One important feature connected with alcohol is the fact 
that while other sources of volatile fuels present a limited or 
/MmfffrUhrJng supply, the poaitie sxpurion of materiel few the 
production of aloohol is unlimited. 

Oases. — Oases are mare or has mixed with inert material and, 
when measured with zrfarenoe to their chemical activity in the 
farin of heat, the values are referred, to a cubic foot at 00*P. 
temperature and a p rass m e erf 80 In. of mercury, as representing 
the averegB or standard temperature and prereure of the atmos- 
phere. Because of the inevitable tendency for all farms af this 
mtteial to have an admixture of Inert gases, the heat values sn . 
very variable. Their character may, however, be exprereed in a 
general way as follows: 
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Natural ffu h wnaHy oompoeod In Urge port erf methane oar 
mush gas, whlah fat pun form hu a value of 1,010 B.t ,jl par 
onUfl foot at the above temperature and prawn a. 

Sou m gai in the majority of dtiea in the United Statea la 
required to have a heat value of approximately 000 B.t.u. par 
enUo foot. This danderd, however, le being lowered In many 

fid w r fu may vary from 100 to 980 unite in the rinhar farm 
to 185 units In the "motion” gu prodnoer, and to as low aa 00 
unite par euhlo foot in the pm from the blast furnace, trhleh 
may be loobd upon aa a apodal type of gu producer. 


1 I 1 ■ I II I 


k 1 1' 


CHAPTER n 
Coal 

Introduction, — Of ell the fuel suppUee. available, ooal consti- 
tutes by fox tho largest part. Our chief oansidermtioii, there- 
fore, wOl be given to this topic, A glance at the map, 
Fig. 1, win give a general idea of the distribution of ooal In the 
United States. These ooal anas together with transportation 
futilities are the chief factors In the development of industrial 
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on ten. From the *nnnnmin standpoint we wfll be intvested 
in the output as a whole and also the relative yields from the 
m*fn producing areas. The typ es also and their distribution 
an of ehqpilnal bj weQ as Industrial importance and are giv en 
brief reference. 

Output — The annual output of ooal, Inducting lignites, in 
the United States far 1090 was approximately -070,000,000 short 
tone , A chart, Fig, 9, of the production by years is of interest 
sines it awes as an indas of Industrial activity. It pnaeuts also 
a mf g iw tl nw In graphic form of the possibility of ultimate 
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exhaustion of this source c# fuel supply, and fcho newalty of 
developing the highest ponlbla **fflfiUn«l*M Jq ifcg use. Inci- 




dentally, It may be noted that the world outpu t of coal far 1630 
. wu fthneted at 1,480,000,000 short tons, from which It will be 
1 HI State QsoL Barr, fwiid far 1010, p. SO. 
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COAL 


aeon that the yield far the United Btatoe vu 48 per cent of tho 
total. 

Distribution of Reserve Bttpplies,— A short of the ooel nsoaroes 
by itotee is shown In Tig. 8. Hu estimated tonnage In 
raearve for the fire itotee having the most extensive ooel deposits 



• la shown by comparative areas in Fig. 4. From this abort it 
will be seen that Oalamdo has the greatest amount. Very oan- 
tiderable areas, howsvw, are at ao great a depth that the winning 
of all the ooal reaarvo of that state la somewhat problematical, 
large deposits alao are of the anbbltandnoiii or hgnltio type, 
1 HL State GooL Bumw, 
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benee w |— maity In the matter of fool ▼aloes fa not likely to J 
migrate westward. 

Befattra Output of Principal Producing States. — ■The rdatfo 
production of Utaminona ooal for the four principal producing 
■tcttf la ahown in Jig. 5, While the ooal roaourooB of Hindis 
acoeed those of either Pennsylvania or West Virginia, the annual 
production for these states is not in nfetfoi proportion to the 
resume. Urn explanation would doubtless bo found 
mainly in the matter of ahemiaal ooropeeHlon and social 
ohanetafaHas. .For example, by far the greater port of the 


PMDICTI9I BITIMilQIS COAL 1010 

eUKlMR TCAI 

j g jB— 


Ml. 






•OJSMSO 


vm. a, 


coking eoala are mined in Pennsylvania. In 1090 the ns dm uteri 
amount of ooal deputed to oaks making was 77,000,000 tons. If 
the oo&U of Illinois wan able to produoe a metaUnrgioal ooke 
and P enn ey ! tmU eoala wCre not ao oanati toted, other factors 
remaining the same It would doubtfasi result in an interchange 
of date, that fa, IlHwols would be mttted with an o qtput of 
188,000,000 tons and Pauuadrante with 00,000,000 tons. Ihase 
figures would then menu nearly o onfon n to the relative re ssme 
far each state Tida refertaw alone, among numerous othsn 
which mixbt be ajren, mar s e rv e ha an Illustration of the date* 
hlttty on the part of the ehanfafa of famillazUng himself with the 
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oomporition, ohamoteristlflB end typo* tf the ooattb^the virloue 
ragkmi of the oountry. Cheater afflolanuy In tbetuiy- afa lo w- 
grade oool may even give It an advantage over tha ooal qrE * 
grade. Coking conditions m ay alio be m o difie d so ^thaj tW*/:.- 

ohanioal studies oanneoted with our ooal sapphoa may involve a 
wide range of interest! from the purely srisntiflo phase to the 
relation! which are mainly industrial or eoanomio. 



Distribution af Type*. — It le not Intended at this point to take 
up the topic of goal olaadfloation in detail. It should be noted, 
however, that certain geological oandltiona have brought about 
«Ayig— in the ooal beds which have matted In a pro- 
gmmfnn west w a rd of eertsin type oharaotariitis each ie the 
eontent af volatile matter or the amount of freemoistaro retained 
in the eoal seam. Per example, by raferen* to Pig. 0, the 
mnnbera 1 to 8 inelurive show the loc a tion of the ooala having 
the lowest volatile matter, the aathraettea. Ooala numbered 
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5 to 10 we erf the bituminous typo but low In volatfla matter, 
while tn tho oast khio westward aro fouiid tbo high-TolatHo 
bituminous oasis. Further west, as In Indiana and IDinata, 
athnr sonal ohanetufatla of a ohimionl nature occur which will 
be bottor understood whim tbs topic of nlaidflcntlon is diaotmod. 


CHAPTER m 
Bakfuvo oi t Coal 1 

Introduction. — flamplae may bo taken by different methods and 
far a variety of purposes. Hree kinds are generally recognised: 
1. Hand aunplao. 

8. Face remplre. 

8, Cammwdal camples. 

1. Hand Sample*, — As the name implies, hand samples an 
taken In small amounts and the satire aample is submitted for 
inspection and analysis. In the nature of the ease each samples 
an aeleotad and are not repr es en tative of the man from which 
they earns. Their analysis may be of Interest to the person 
ooflcnting thorn but the results are without oammerdal Talus or 
rignifloanca. 

9. Fam Sample*. — His term Is applied to samples taken at the 
working face adf a ooal aeam. Hay are efcacntial for purposea of 
■mentiflo study and aorre as a basis far determining the changes 
that ooonr in the p re sent of mining, transportation and storage. 
He t°^***g of mieh ar*npT— la not different in principle from the 
tr^^g of anmiwiwlul tiTTTr 1 ** He chief enentUl k a kit of the 
knock-down type, not too heavy for packing end not too tedbne 
in setting up and opening. Specific detafls are not given here, 

8. C omm t r o ial Sample *, — He majority erf aampln are taken 
In oanneotkm with industrial operations, in the proopn of ooal 
inspection, control of eon tracts, determination of effl den tries, 
etc., end involves the ropHng of wagon loads, ear lota, bergs 
shipments and mease in storage. He general principles under 
any of these oonditiaiis are the me. He Importsnt features 
to be observed are given spedal cm ph aria as fallows: 

Hecsaatty of Care. — Without quretion, the critical point in the 
entire range of coal inspection and analysis is in the s am pli ng. 

1 Adapted from HL Stats OeoL flare., BwSU tt, Fnrahsaa and mh of 
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If the ijypplf is truly representative of tho on tiro lot, tbo 
multpi if accurate In themselves, furnish oarreot information u 
to tho larger mam af which tho mmple 1b a part, If, on tho othar 
hand, fo* ffpiwpi* h in errur, tho results of tho analysts ti n iu gh 
c or rect in themselves win be in error bo far u they relate to tho 
m^ii under oonsiderotiQa. Throughout tho prooon of e a mp l in g 
two points moot bo oboaiiod with oarupuloia aero: 

NinL — Tbe taken moot bo roprooantativu of the whole,, 

that to, the distribution of the various substances whloh go to 
maiHi up the original mas must bo mriirtniTuid without any 
aha mo in tbo relative amount of tho various eunstituente. 

Bmond. — Tho moisture oontent, whloh ehangns readily, must 
be under exact eontrol ao that at any stage tho ratio of moisture 
present to tho moisture of the mna may bo definitely 

known* 

Material to Bo Taken. — As stated shore, tho fliat wmiti a l in a 
mple i> that it truly npremnt the nmas of wldoh H is a 
part. To ae mn c this result a few fundamental conditions must 
be observed, as foCorro: 

lha gross gunple must be f o pra s on tati vo of the various kinds of 
material present. That is to say, a mass of coal nmsrirte of line 
stuff, lump, bona, date, pyrites, and other oanstitoonts.. As a 
rule the "fines” differ in oampcaiticm from the lump, benoe the 
ample must have thane two earte af material in their prop* 
proportion. The azxxe ie even more true of slate or pyrites, tho 
ecpipaaitian af whloh di ff ers widely from that of the major part 
tf the mam An undue amount of Baeh material would cause a 
mriooi dlsfiurbanee in the aocntrmcy of the minple. 

Amount — In procuring a repreeentative sample a large element 
of aafletyreeldm In the quantity taken. In general, tho larger the 
amount, the more repra mata ttve it will be. However, eondhinns 
dtifm. It is easier, far «nph, to proeare an even sample from 
the faee of a working vein or from a carload of aereanlxigi than 
from a eajload or other mam of lump or nm-erf-mine ooaJL In 
the latter Gaao larger amounts should be taken than in the 
farmer. 

The Smite of pcsoti ash fifty far the proper h*ndHng of the 
■ample must however be enoridered. In general, the groan 
ample should weigh approximately from 200 to 000 lb. Doubt- 
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lea 800 lb. of screenings, token with fairly, good distribution 
throughout the nulnodfng of a 40- or 60-tan ear, will yield a 
vwy true sample. Hie difficulties increase greatly with the 
farms so of the dee of the particles, ofl In the oue of lump or 
mine-run ootL If mechanical appliances for grinding are avail- 
able, the larger amount ehoold be taken, but a email nr ample 
well crashed down before quartering ia better than a greet** 
maa quartered down white the parti otei are still in larger 
pieces. 

Ratio of Six# to Kiss. — Assuming that the ample aa taken fa 
made up of the various kinds of material in propor proportion, the 
nest Important item ia to maintain thaa variables in their ratine 
throughout the proeea of reducing the groa amount to a email 
working or laboratory ample. To insure this result, there mart 
be mnifrfr|iTi«rf a oertain ratio erf alee of the partial ns to tin or 
weight of the maa This, ai a rule! la based on a formula which 
provides that the weight of the largest pieoe of impurity shall 
have a ratio to the weight of the moa of about 3:10,000, Tor 
example, a maa weighing 10,000 grams, or about 23 lb., should 
contain no partlotee weighing more than 3 grams. Hds would 
mean that the largest particle, aa far sample, a pieoe of 
iron pyrites, must not be over J in. In its grea te st diameter. 
Baoh pieoe of impurity of tide ribs Improperly distributed 
would repre s ent a possible error of approximately ± 0.03 per 
oenti 

The final ratio of rises, however, , should be determined by the 
methods available far grinding. With meoliiniflal appliances 
for obtaining the smaller rise*, a table of ratios with greater 
safety limits oaa be adopted than is perhaps practicable wfan 
the crushing is done by hand. If a power crusher is available, 
the entire f—TpV* should be passed through the mill and reduced 
to a sin whiah will pass a i-fa. screen. If the crashing must be 
done by hand, the first reduction in tin of the particles should be 
such that the entire maa wDl pass through a 14n. seroat When 
by quartering, the amide is reduced to 100 lb., the sin of the 
particles be further reduced to a sbe that wDl paa a 

f-fa. screen, and with a flO-lb. sample in hand the crushing should 
be carried to i-in* mesh. The sobdivlBlaniwith thrir respective 
alia ire-shown in tabular form as follows: 


14 ruML, gab f, tr^rjje awd Lffawcdruw 


Tina Xr~ 4 Bnoi on u ~" win Pmnw Bnnmnon on Samm 


Wright of BubdlTUcno/upk 
(pounds) 

81m of mash to whlah aaah mb- 
dhrlrion should ba broken (Inch*) 

BOO 

1 

' SBO 

« 

110 

t 

00 

k 

80 

k 


IlUnoia oaata uo anally crushed In mills whiah. an ayallablo at 


Utile expense. Hanna, ft le entirely reasonable to require that 



— mplat, whan reduced in man to 00 or 70 lb., shall be 
pe— id through a mill set for grinding to approximately } in. 
For tUa work, a mill whlah la not of the Jaw enaher ar roDer type 
k protamd, rinoe thebe types produee too lozge a percentage 
of Jin* material, and the harder fdeaee of slated especially those of 
flaky ar plote-HkB structure, are liable to pan In plena having 
Insrirpf—shly large -cUipe— 1pm In two dfreotkma, cyan tfrdqgh the 
adj'primant need would seem to Ip Jin* epoqgh'tfl^g&^^tbe 


of suah material. A 
one with projecting teeth o$ 



tL |H 
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bo prodooo a mom uniform slse and the minimum amount of dual. 
The grinding surfaces of suoh a machine are shown in Fig. 7. 

Mixing and Subdividing. — As a further precaution in main- 
taining a oorreot distribution of tho various constituents, ampha- 
sii is plaood upon tho nooonrity of through mixing, followed by 
an even aelootion of the remaining subdivirioina. It is true that fins 
grinding oontributes materially to this end but further ofcre la 
neoaauy. It is entirely practicable to mix a 00-lb. sample, 
ground as above described, by rolling in an oHoloth about 0 ft, 
square. Thia la aooompUahed by taking one oomer of the olotb 



Ttc n — d 0 Ustenhi fhs hwp at ■«! sad Ihn rpmlwti n lha pfl> 

and earrying it over the pfls towards the diagonally opposite 
oorner ao ea to oauae the mam to roll over upon Itself, then 
reverting the motion and repeating the prooaa with the oth® 
two earn Fifteen or twenty saah alterations, depending 
somewhat upon the rise of the sample, should be saffldant to 
effect an even mixture. After mixing, the prow of oaningfand 
quartering should be followed as fflmtrmtad In the out, Tip. 8 
and Q. Oppoelte quartan are rejected until the final sample 
amounts to about 0 lb. TCila la sealed in an airtight container, 
and forwarded to the laboratory for analysis. 

Tbs subdividing of the larger sample, to redone it to a con- 
venient slip far transmUon to the laboratory, requires spatial 
oontidoration as having an important bearing on the malnte- 
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nMiim of the oorreot ratio of oanetltnenta. Hila may be beat 
dhawn by the data given In Table IL 


Tiwim TL — Am Vmuaatm nr P uiaaif Bn Qhuotd isoh 
Dimacun Bubm 


— 

MMi 

DupB- 

mta 

Utm 

Parent 

afewh 

dta 

A* 

a end b eonparitod 
by nelnledan 

ll 

G*» 

H 

41.7 

48.4 

14.11 

14.00 

• 16.88 

b 15.86 

AvmgD 10.00 

«.. 17.00 

ll 

Through 90. . . . 
Oa 00 

B 

*1.7 

17.0 

16.66 

16.43 

ll 

Through 60. . . . 

B 

16.0 

18.7 

SB. 80 
98.60 

ll 

■ 

B 

90.1 

96.0 

16.01 

16.66 

ll 

Himgh 90.... 
On 00 

B 

48.4 

n.o 

16.98 

16.06 

ll 

Thmoflt 60. . . . 

a 

& 

39.0 

31.1 

94.00 

98.08 

b 17.80 

Avenge.’.... 17.88 


Note In ttta table that aarlea 1 and 3 are 8-lb, atunplei taken by 
■obdtvldiiig in tbe nme manner tba aame gran nznple of about 
80 lb, Ikoh aample waa ground to eight-mooli and ataod. It 
tIH be aeon that In aoiea 1, dnptiOatea o and b had 10.0 and 18.7 
per eent of the 00-msah riae, wbaeaa in aarlaa 8 the dupllaatae a 
and ft bad 38JS and 88.1 per sent raa p ee tl ?aly. Note farther, 
the great inoreaae In aah in the fine alas u oomporad with the 
■ah in the eoane material Far enample, aarlea 1 having an 
avenge of 14 p* eent of aah In the ooane alae has an average 
of 88,75 per oent in the flue potion. A similar Inoraaao In aah 
la aeon In the o orr e ep ondlng alaae to aarlea 8. Hie ultimate aah 
avenge far nrin 1 la 10.00 per oent and far aeriee 8 It la 17.88 
.per not. Hien values vary eanalatantfy with the variation In 
the pareen ta gaa of fine material in the r sa peeU va aarlea. ' On the 
otb* hand, the dapUoate hatm a and 6 throughout, beeaun of 
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their uniformity resulting from the tiring process show remit 
in the asvurel pain which ohaok very oloeely. 

Hw Tiluea u proaentad in the table, therefore, show dearly 
that in the prooere of subdividing the grore eampla and in the fnr> 
ther reduction of the sample aa motived at the laboratory, great 
oare nluat bo eratised to see that no part of the manipula- 
tion la of mnh a nature aa irfll promote eegregatinn of the 
ormatituenta. 

Riffling. — A riffle oonstriuted aooordlng to the pattern shown 
In fig, 10 may be need to advantage after the eampla has been 
reduced by quartering to about 6 lb. At this stage the sample is 
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ground to Hn- tiee, henee the riffle opening* may be | in. in 
. width. With tide -variation in the oparinp the riffle as ahown 
in Tig. 10 is substantially the tmo deaoribed in the B vJl a Nn ci the 
Ohio Qeologleti Sumy, No. 0, p. 318,100a 1 
Segregation may ooour where least expected, far example, in 
the me of a riffle, if the material la added from the eooop more 
rapidly than it can pas through the openings, thereby piling 
up in the riffle hopper, the material tends to farm itself into 
oaoe-shaped mum, down tho tides of which the parti alee may 
flow more readily in one direction than in another, depending an 
the freedom of the opening. Buoh eonditiana promote marked 
segregation. Biffles with large hoppers and mall grid areas 
are not of good construction. Numerous testa an this paint 

ak> "Standard ICatboda” of tba AmaHaan Soria* far TMfag 
MitriiH 1015, p. BBSL Abo Mina vtiama fair npling daferifct pp, 544- 
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haw boon made. 1 One aot only is gfvtm hnro. Tho snmplo No. 1 
of Table n, but not separated Into the varioua siaoe, ehowa 
in nh oon tan t of 10.09 jw sent. He two halves obtain od by 
proper feeding of the riffle gave 10.07 and 10 JO per oentj or a 
difforenoe of 0.10 per pant By rapid feeding, eufflohmt for the 
materiel to pfle up in the hopprfr, the two halvee gave oah valuee 
of 14.30 and 17 .87 per oent respectively, or a diflarenoo of 9.09 
per sent. 

flemplfng a Per Inert. — A oar of ooelmAj be ■mipw? to tho boat 
advantage In the praam of unloading, An oonaairmal half 
■hovelful ahonld be thrown into a proper reoeptadle ao that by 
the time the oar la unloaded approximately 900 lb., evenly dis- 
tributed throughout the load will have been This will 

mean about <me-half shovelful for every 10 fuU-eooops. Hoy an 
barf taken in the praem of shoveling from the bottom of the oer, 
rinoe the top ooal roQs down and mine fairly evenly with the 
bottom. It Amid hw kwpt hi mtnH that In taking *■ wim pln thrrm 
must be obtained the different aleae af eoal, flnoandooaneinihalr 
proper proporLlona from the entire nrnm eoeUon d the nmi, and 
■too an even distribution of the lengthwise of the oar. 

Even greater oare murf be taken to guard agalnet lorn of m ol e tur e 
In the prooem of eaDeeting and in mdodng the gram mmplfl for 
the reason that ai a rule the relative humidity outride of the 
mine is lower and the teadenoy of the moiiture to leave the ooal 
k oorrespandingiy inareseed. 

It has been ahown In Table that the Amp partlolsa of a opal 
mam are higher in tab and henna have a grea ter specific gra v ity . 
Hqy an therefore xnpre likely to mparate by gravity from the 
earner material. On tUa amount, If a Par la to be sampled 
without unloading, It la neeeMry to dig well toward the bottom 
In order to obtain a re pr p mn tattvp aamplft t Hree tranohea 
should be dug aramwim of the load, erne near each end and ono 
near the middle of the ear. Hem tranohea should go down 
nearly to the bottom d the mam and eaoh rise be taken an newly 
aa possible In its proper proportion. Lqmp and run-of-mlna lota 
an muoh more diffloult to wunple than aeroenlnga, but it ahonld 
he noted that meanings may vary greatly, for not Infrequently a 
sar Is partially loaded from one fain and finished frfrfli another 

f IIL a a B. Ooop. M A P* Mi lSlfl. * ■ T * ■ 
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wbioh may be of a difTarant rise end composition, After ob- 
taining the gran sample, tbo method* to bo fallowed are the 
flame u thoao already given. 

Composite Samples. — It la often desirable to oompodte a 
number of Bamplea In this way a single sample may be made 
to represent a mneh larger quantity of ooal and thus out down 
the time and expense Involved in procuring the analytical data. 
In this procedure, however, It must bo remembered that even 
grea te r oare should be am ra la od In taking the several component 
■unplea. Hie amount of oaoh sample entering Into the oom- 
poedto most be In proportion to the mesa which It repreeants, and 
finally a thorough and positive mhring of the compoeitod mam 
must be effected baton quartering down the same to the usual 
5-lb. quantity. 

It la oonvenlentto determine the amount of each sample to bo 
taken by employing an aliquot ijstam of weights. Tor Illus- 
tration: Suppose we adopt 1 gram to the 100 lb. as the unit 
which shall enter into the oamposlta. Than a 100,00Mb. ear of 
ooal should be represented by 1,000 grams. ' In oom positing, 
therefore, the total amount of each sample will not be taken, but 
Instead an aliquot proportion which will gtvo to each cor lot its 
due amount. It is preferable to use snob a factor as shall utilise 
the major part of the several 54b, samples. In this way the 
grare composite from 10 cars would aggregate 90 or SO lb. In 
weight It should be coned and quartered until a thoroughly 
homogeneous mass of abbot 5 lb. is obtained, as already de- 
scribed. Far this procedure It Is obvious that the nooaaary data 
should aooompany the various samples. A ticket Inserted in the 
cap before ■*ol*"g should give the data needed. 

A convenient form la as fallows: 

From Date 19.. 

or— rfhwrtwUM) (WkMiifaB) 

Bind erf «osl 

Ckwfarftkh. ChrHo 

Not weight. 

Wright tehm far a urap ori to 1 

Wright of quarte r tekaa far dote, 

Wright of dust la quarter tekaa 

t 

1 Dtvida tha -net wright fay 9 and pises a dsrimsl point after tha flat 
Agora of tlja quotient 


t 


90 
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Maohaniaal Sampling, — Numercrai attempts- ha yd bean made 
to devise a method far taking nun plot. While it 1 m 

peed hie, by euflh means to nlhninstfl the penonnl oquntian, it 
is, (Uffloult to avoid ne g rn ga tion or in unoron dJatribution erf 
oosne sod fine material, In the nmple grinder illuetrated in 
Big. 11^ there ie an evident advantage that with aueh a power 
grinder largs aamplea may be handled, thna dividing rather than 
multiplying the mora. Hia ntatration shows tbo grimier opened 
far doaning, at the end of tbe operation. Both tho oontnl 
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gdndtn g oane and the wing etimr underneath may bo Ilf tod out 
for fl l a a ntn g the entire grinding and. distributing ehambor. Iho 
■mpftng f eaUirt la bo arranged that an aliquot parti approxi- 
mately 10 pv oont, ie delivered into the ■midi rooepttudo in tho 
proeeae o t grinding the original In uao of anah a aamplo 

gdndC| the faoQity with whioh the material may be pased 
through makes it porefole to take mush larger Initial wynplm, 
Vat eiunpla, if oeoulonal ehovelfuli are taken, wull distributed 

throughout the unloading of a oar In nub an amount ae to yield 
■y 40 lb. ta the aliquot portion, than i| ia known that approxir 
mately a 4004b. gram aa mple has been puaod through the 
gander. 

DoobtiM the beat me t hod far determining the aoouraey of 
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the eemplo delivered by the apperetue le to oampore tho uh 
values, water-free basis, as obteinod from the email eamplo with 
the aah vnluo from tho main portion, campled by aerafully 
quartering down by hand In the usual mannar. A number of 
taste of this sort an shown In Table m. 


Tabu IEL— Aoouoaot ar Bahfu Oman 
Onripsri—i of sdi Tshim Dry harts 
A and B obtained from m ain p ortio n by qoartaring sod lUBteg 


ao ei 

Am 

BQ07 

8870 


Owl 


VnriniUofl Cb. Bradnes. 
lYralHan Go. Bananinp. 
[YflnnjCkA Go. Bonwilnp . 
tVonnlllo* On. Bsrasahip. 



18.68 

14.83 

IB. ID 
17.48 





16.23 
14.63 
IB. 88 
17.78 


18.73 
14.06 
ID. 71 
17.88 


Another test has been applied as follows: Hie samples as 
obtained In the prooore of grinding 10 graei samples w ore 
deUrered into a oommon reeeptaole In their props proportions 
for compositing. Without further mixing, the mare of approxi- 
mately 40 lb. was pound into the grinder, The aoouraay of the 
email sample thus obtained wee determined os before, by oam- 
pariean of ash vatuee. The main portion was rempled again by 
pouring through the mill a aooond time for a duplicate aliquot 
delivery, The roeulta are shown in Table IT. In both af then 
tables the agreement be t ween the mmple deHvfcred by the mill 
and the eamplo obtained from the main portion le very retio- 
factory, cspedolly when we aandder the variations inherent in 
the propone af analysis for hlgh-aah ooala. 

Moisture Control, — The further esantial in taking and pre- 
paring a remple relatea to the free moisture present, and requires . 
that the nh«igw in moisture oantent "must be under exist 
oantral so that at any stage the ratio af the moisture pr e ren t to 
the original moisture af the mare may be definitely known. 11 

In ooale of this region eepedaDy, where the moisture in the oosl 
u it oomea from the mine avtnges from 10 to 10 per oent tho 
tendency toward moisture ohangee Is very marked. For ex- J 
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Tavui IV. — Aamraior or Sakfui Gnnnm* 

Hy aanparino of art Talma. Diybuia 
Daplnatn jimjln obtained by Mood paMgD of main portion through islll 


Iabocntizy 

mnnbir 

Goal (aanMolnfi) 

A 

Mnt aliquot 
of 10 per ant 
u ilollraral 

B 

Hmw mT 
aliquot of 
main portion 

BOOB 

ifi*iiy« rwwmty 

10.01 

10.00 

8084 

UV—lbta ffamij . 

20.89 ■ 

90.88 

8001 

ifi^hrU County. 

90.04 

91.18 

BOVS 

Ifnlbk flrwiwty 

10.91 

10.89 


.ITimTMm Ormt^ 

10.91 

10.17 

' 00 IB 

Ifnalbtn Oomty 

10.09 

10.41 

9000' 

Ifntpner Oonsty. . . ...... 

18.00 

18.44 

0148 


10.04 

10.07 

014V 

Iftnltak rWmrnrty 

10.88 ■ 


IWtTTraPi 

rbwmfcy. ••ttniitm 

90.14 

90.90 

.0100 . 

rw j 

14.17 

18.80 



10.89 

18.04 

0180 


18.80 

18.48 


UmUrii Oamty 

10.79 

10.00 

0107 

Maettris Oovr'ty 

18.01 

10.18 

0940 


18.90 

10.83 

18.00 

0249 

Unniy* rVnn^- 

10.80 

0244 

If U-i- rt i — 

18.08 

11.48 

18.00 

18.48 

0208 





ample, the prow of crashing down the larger sLaea affords on 
opportunity lor the eeaapo of moisture, Agnin, if the ml is 
wprmd out on the floor dr a hot boiler room or left exposed to 
currents of air far any length of time there will bo a radons ohango 
in the mafrture factor. Another practise ■nwintfrn— followed 
is that of aaembUngthe virion tnaremante of the groa wnpl* 
in a mole or other receptacle permitting a relatively free trazuh 
mlwdoii of air i Hmpi* kept in tide nigram* for any length of 
time or ehipped in sort oantalnen will have a moisture oontent 
quite different fnxn the original* 


The method! employed, therefore, In oofleoting and reducing a 
grow a mp l e mart have wfiwinw to tide tendency on tbo 
part of the free moisture to on^e. The work should be done 
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rapidly in a room at or below tho normal tomporeturo and, ao 
far aa poariblc, with the an of alosed apparatus which admits of 
the least «nhfl«gp of the oontalnnd air. Freoautian- 

ary mess ui ee of this sort should be mado at the very outset. 
Hie iron samp le, which Is made np of small Inoramenta oollootod 
usually over a oansidorablo lenfth of time, should ba andoeod in a 
tight bai or dean garbage aan having a tightly fitting oovor which 
can be and lookod against the pontidtiiy of ohango until 
the tfrne for grinding and reducing. 

Dust Dctsrmtnatinna. — From the preceding dfaeunfan It will 
be at once obvious that with eoala of the Sllnals type whore high 
ash of the fine material is a c h aracteristic feature, a sporffloatio n 
u to the limit of dart or duff allowable In eeraeningi fa often or 
Indeed woolly embodied In coal spsoffleationa. Dust determi- 
nations an not neoswary of ooum an run-cf-mlne or lump coal 

Tor obtaining ths percentage of dust In screenings or alack a 
9004b. nmple aa taken in the ordinary procedure fa caned and 
quartoed by the standard method. One of the quartan, about 
60 lb, fa placed in a weighed metal basket and the weight taken. 
It fa th*n posed through a $4n* screen Into a second weighed 
basket, The weight of the material pawing through fa notod. 
Both of these factors are plaoed on a ticket, and both portions of 
eosree and fine material are rejected. 

Divide the weight of the material pawing the J-te* sateen 
by the total weight of ths quarter token and multiply by 100. 
This will give ths percentage of dart p ra ent in the ooaL The 
remainder of the "ampl* should be coned and quartered to 
about 36 lb. or pawed through the aample grinder and then 
riffled aa already described. ■ 

Laboratory fl*tnpU. — The pre ced in g dfacuwton relates mainly 
to the taking of the grew wmple. Ordinarily it should be about 
8 to 6 lb. in amount and seeled in a manner to preclude tho 
poarfbOity of change in moisture content while bring transported 
to the laboratory. 

The pre p aration d the waiting nmple for the laboratory fa 
usually considered as a separata matter from that of the grow 
, impHng of tho muss. It should bo carried out by the chnmfat 
or under hfa ^mediate suparvirion. After taking approxi- 
mately 100 grams for total moisture as described under "Analy- 
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ab” in the chapter following, the main sample 1 b air dried to 
approximately nonstant weight or to a moisture oontant of from 
3 to 4 per rapt and paaod through a coffee-mill grinder to rodnoo 
It to a alee which will pees through a 10-meah sieve. Thle la 
riffled down to about 500 grazne and placed In the ball mill for 
fine grinding. The buokboard may also be need far this purpose, 
in which c» a smaller amount, about 100 frame, should be taken. 
About 80 pa me of the 60-mesh material la placed In a email 
bottle wtth rubber stopper from which tho aomploa for analyrie 
are weighed. 

It ia well to remember that, area under then oondttloiii of 
staring, abuses in the sample ooeur such ae segregation, due to 
the settling of the header parti rd ns, addition which results in a 
■light huweeae of free mois ture , tnd ncpooially if the moisture is 
Ugh, above 4 or 8 per cent, there le a vary appreciable ohangB in 
the Iron pyrite s from Pefl* to FeflO* + 7H*0. 


CHAPTER IV 
. Ajulthm or Coal 


Mo fetor* end ITomecoktcrt. — The topio of moisture control 
h ai already been diaaureod, emphasla having been laid upon the 
fact that at any stage of the proeerere the anet ratio of the mob- 
tore promt to the mabture af the raiglnal mas most be defi- 
nitely known. TUs bn pH— that moditnre ohangee do ooour. 
Indeed three mabture c ond i tion s exist and, rinoe under each 
eandW on all of the aeoampanylng faotoa are modified to moot 
the specific ohange In moisture, a special b applied 

to the coal for eaoh one of then wmvtitinm. 

Coal with all of the normal n ub tore preuat b designated as 
"wet” ooal or ooal "aa received . 11 It rdataa to the mebtare at 
the time of taking the sample. AH of the detail of the p ro eereoa 
far oolleoting and redtxrfng the grore —jripl* up to and including 
the Hon of reeling and shipping the Wb. sample Involves the 
prorerratlon of thb Initial moisture without lore. 

The second moisture status b that wherein the "wet” or "as- 
reeetred” ooal has been dried to a paint af substantial equilibrium 
with the mabtare af the air, so that in an atmosphere of average 
humidity It would take on or lore additional nudatare vary slowly 
or not at aD. In thb oondltian the ooal — "*p 1 * b aald to be 
"air dry." This b the eondltioin to whloh the chemist must 
bring the simple In ordre that the process! of grinding mH 

weighing may be oarried an without "hmg" In the m ob lure 
factor. Obviously the amount of moisture lost in p*— from 
the "wet” or "aa rooeived” wwiititinn to the "air-dry” ocmdltian 
mart be oarefaDy measured. The factor thus determined b 
designated as the "lore an air drying.” By ure of It all of the 
values obtained from analyris of the ooal in the "air-dry” 
state may bo calculated to the "wet” cr "a a received” condition. 

The third oondtttai reeognlaed b that of "dry” eoah Thieto. 
a nirtn U mre darignated aa the "oven-dry” or "moisture-free” 
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■fete. AH at the values found far the ooel In tho 11 air-dry" 
oondltlan may bo transferred by and made to apply 

to tho ooal as "oven-dry." Tho nnaasanry footer In this use 
b tho lore of mobten obtained from drying the "air-dry" aamplo 
at or slightly above steam temporateroi as 100*0. far 1 hr. It 
b not Intended ban to (Its directions far currying out than 
p ros are n a. Hie terms employed, however, on of so frequent 
ooourrenoe, and in many asm enter so vitally Into a correct 
understanding of tho methods upon which oortain values are 
band in the making of estfanatae and arriving at fool eottiamonfe 
that at least a brief reference seems desirable. 

Carnlwiwe In the ore of these tsrmi leads to muoh eonfution. 
The ohrenbt and the engbeer are ndt always In agreement is tp 
their meaning. The raeulfe as obtained by nhnmloBl analysis 
upon the air-dry sample are erf Utile use to the engineer, whoso 
bads of ref er en ce is to the "as-received" or to tho "dry" basil. 
Far the pur p o se of the engineer it b neoe—ry, therefore, to 
oalmilate the rerults which are obtained on tho air- dry sample 
bask to the "wot” ooal and abo to the "dry" bask These 
values are the only onre that should be reported. The factors 
obtained on the "air-dry" bads are far tbs chemist only, and 
have no dgtdflaanae for any one sire. 

It will be evident at ones that throughout all of the handling 
of a .ooal sample there matt be exact oontrol of the free moisture 
and knowledge of the amount present at the various stages of 
refsrenea in order that calculations may be made from one 
basis to another. Two methods are in oommon use, Ona taka 
account erf the mebtureloa on air drying and again the mobtore 
1 am on peaing from the "air-dry" to the "oven-dry” or "mob- 
tore-free" condition. 191111 there two fasten in hand the "total 
mobtare" on the sample as received b derived by calculation. 
TO* method requires careful handling of the m mortal in order 
that no unmeasured lorees or aocerelons of mobture ooour in the 
various operations of grinding, riffling, etc. 

The other procedure and the one least liable to error is carried 
out by taking a "total moisture sample" at once upon opening 
the 04b. laboratory sample. This will be obput 100 grams In 
amount. I* should he put through a grinder at ones, reducing 
it to about 10-tneah alas, and retained In a sample bottle with 
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robber stopper. Five-gram rempla an taknn for total mohturo 
detennlnatloiUL 

Having thus the .total moiaturo on tho oool " ae reooivod/’ 
the main fampla may be air-drind without rafonmoe to tho lore 
on air drying. Hie mdsturo found on bvun drying, and tho 
total ,( aa reeetvod" m ufalure furnlah hQ the data neoded far 
calculating to the two bases for reporting, namoly tho "n*- 
reorived” and the "dry" or nudature-freo oonrtitign. 

Calonlattona. — To calculate tho peroentegn values obtained on 
"li^dry” ooal to the "dry-ooal" basis, divide oaoh oonstitoant 
by (100 — v) in which v is the moisture praaent in tho "alrdry " 
■ample, The moisture factor for the "dry” ooal la amittod of 
conns, and tho sum of the resulting oanstltuanta should total 100 
percent 

To nalnuletn from the "air-dry” vahua to tho "wet,” or "on* 
received" condition multiply each pereentago for tho " air-dry ” 
state by (100 — 0 in which l is the loss on air drying. The 
moisture factor thus derived plus the lore on sir drying equals the 
total moisture in the "wot” coal. Urb and tho other factors 
calculated aa described should oqual 100 pier cant. Whore a 
total moisture factor is obtained the oaloulation is mado to tho 
"wet” bads from the "dry” or "moisture-free” state by multi- 
plying the dry vslaes by (100 - 0 in whloh t is tho total moisture. 

Methods of Analytic— Coal may bo eubjooted to olthfir tho 
ultimate or proximate method of analysis. In the former,, 
betide the moisture, ash, and sulphur factors, a determination is 
made of the constituent elements oompritigg the aqpmioBubatenoo 
of the coal; namely, carbon, hydrogen, nitrogen, and oxy g on . 

In the proximate method, betides the moisture, ash, and sulphur, 
there are determined, Instead' of the elemontal nbatanore of tho 
oorganio part, only volatile matter and flamd carbon. Tho ulti- 
mate analysis furnishes data from which the hoot value of the 
ooal can be calculated. The proximate analysis gives the neoaa* 
■ary date for Judging of the kind and general ohanwtor of the ooaL 
It k the proximate method whloh will be dhlafly ooreddered, tho 
main object being to the algnifleanoe of the various 

fasten, methods of calculation, eta. analytiaal mothode 
are taken up elsewhere under the directions for tho laboratory 
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General Plan. — The general purp ose involved in making 
a Junwlwl analytic of ooal la to furnish a batia for estimating 
valuea In its simplest foam H oonsista In separating the Inar- 
gftnla ar zMm-oambiutiUe fran the organic or heat-produdng 
material. Hie following outline may serve u an Dluetmtion: 
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It wQl be seen from the diagram that the oonetitnante of funder 
mental Importanoe’are In reality only three In number: Water, 
ash, and oombnatible matter. The meaning and use of these 
values especially in sopw sort of thtir modified or Demoted forms 
may be made of great service In oanneetion with the pumhaso 
mH sale of ooal on qpedfleatian. 

The Int er pretation of Moisture Values. — The tigntfl nance of 
the factor for moisture is important. In ooala with high moisture 
In the vein, a large shrinkage in weight ootrare in the prooaa of 
tiiipment, In the majority of oases, settlement Is made upon tho 
hasls of the mine weights. This lore of mohrture, therefore, falls 
ultimately upon the consumer. . 

'Hun is usually a certain agreement also between combined 
oxygen or the. water of eonetitutian and the oontent of free 
moiature.in the vein sample] the higher the moisture, the more 
combined oxygen and the wiaHar the percentage of c om bustible 
' in the volatile matter. For this reason there are more heat 
units per pound of combustible (ash and m oistu re free) In Poca- 
hontas ooal, with 3 per oeut of vtin m oi s ture , than pa; pound of 
aombvtible (ash and moi stur e free) in fujnoja ooal, with 13 
per rent of moletura in the vein ample, Th$ vein pioisture, 
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attvlntw of the 


therefore, beoomee to a wry considerable extant , 
tjpe or composition of the arganlo pvt of tho oou. , uJbeK-— 
variations In prop er ty will be dkonsed somewhat farther * ' 

the topic of “Unit CoaL" 


Ajtu — Ash ie the Inorgsnlo constituent of the ooal aside from ( 
water. Aa oommonly defined, it ie tho residue loft after horning - 
and ie made up of ocanpkx eubetanoM aoeh aa avid, ahalo or 
kaolin, gypsum, oaldurn carbonate, Iron pyritea, eta. But, from 
the Hit it !i evident that then ie moeh opportunity for lov of 
constituents aooh aa "nmMimrf water and COi in the prooaai 
of burning, which, if not eomoted far, same to be reckoned ae 
part of the oambostiblo matter. Ibcre have some into uee, 
therefore, in connection with the edx determination two tonne 
a i piieri ve of thin material, namely, "sab ae wolfed 1 * or simply 


“aah/ 1 and “eomoted ash.” 

Hie urn of a corrected aah factor ie primarily of intrat in 
the accurate determination of the amount of active ar organic 
mates promt. Uua, nnlea the Hue of dmoroation between 
the organio and inorganic enbetenoe ie p r op erij and pmokely 
drawn, we do not have a oorrect unit for the true oambustiblo 
meterlil, Tide point will be better understood from the dis- 
omtenn of “Unit Goal”, in Chapter V. 

Pulphtir. — This oanstituent of the ooal la made 4 matter of 
eepvate determination. The question might be raked ae to 
whether the sulphur ihould not be grouped with the true ooal sub- 
stance rinee it oontrib utee aamswhat to the heat values in the 
burzdng jvooea. But ttk distinctly a mineral substance, warioa 
widely in amount and afleete the properties of the ooal far mane 
•pedfloally through the aih than in Its contribution to the hoat 
volume, which is relatively small In amount. Moreover, by 
i w g is g a ti n g it from the heat produrisg oonstituente and taking 
away the heat ako which may be credited to It a far more oon- 
ristent value remains as the teua heat to be credited to the unit* 
ooal mhstanoe. This procedure will be found to have very greet 
practical value as well aa being of great advantage in the oom- 
parmtive study of ooak far olaatflefetian and rimflar purposes 
Bines the sulphur of ooal oo cui s largely aa iron pyrites, FefjU 
it k family believed that a high sulphur facto represents a H|h 
Irod factor and, oonsequently, a t^uJancy far the ooal to ellnkar 
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In burning. This does not nennmcrfly always follow, but It 
Is true in the main. The avenge oontent of sulfur in HUnnk 
eosls is from 8 to 4 per sent., with an occasional output as high ax 
6 or even 7 por esnt. In the southern and southeastern fluid, 
however, as in yrankhn, WflUamson, Bolins and Jaokson oountlm 
the sulphur oontent will avenge from 1 to 8 per cent. 

Volatile Hatter. — The organic matter of ooal when hoe tod 
above 880 or 400*C. deeamposee giving off combustible gjutrw 
and, if the temperature is oontinnod to a bright-red heat, thorn 
remains, in addition to the ash, the fixed carbon or poking con- 
stituent of the ooal The volatile matter is of significance 
largely by reason of the fast that this port of the oombustilik) 
■nbetanoe has a tendency to asoapo Into the fine spaces beforo com- 
plete oombustion hie bean effeeted. With meahairiesl stokom 
and modom equipment, this would not occur and, conse- 
quently, the matter of high- or lo#-volatfle matter is of len sig- 
nificance than fanneriy. In domestic appliances, however, thk 
Is not the aaae, tad larger lossee occur in the process of earn- 
bastion. Par such uses, therefore, higher efficiency will be ob- 
tained from ooals with lam volatile matter and a higher 
pereentsge of fixed carbon- 

Fixed Carbon. — The fixed carbon represents the amount of 
combustible matter which mains behind far complete oombus* 
tUm In the fire box. Its value, therefore, depends upon the form 
of appliance in which the ooal is burned. The fixed carbon plus 
the aih r ep re s e n ts a pproxim a tely the coke oontent that might bo 
expected from the original ooaL It riurald be noted that fixed 
carbon is a product of the destructive distillation of the organic 
mates of the ooal, and Is not a constituent of the ooal in its 
natural farm at ofl. Hanover, the fixed carbon curies with 
it ai adsorbed oor chemically combined material maU paroontegsa 
of nitrogen, sulphur, h ydrog en and pamlbly oxygon. 


CHAPTER V 
Umr Goal 


DriUrftionfc — In fuel' Hteratoro three tanni havB come into 
use: 


1* Oambwtihls* 

2. Aih and water-free sobstanoe, 

8* PureooaL 

Hun term* are synonymous and an Intended to represent the 
active or actual ooal nibstanne, The heat value, for example, 
when referred to the oombtarUble matter, is found by dividing 
the heat value as obtained on the wet ooal by 1>00 — (earn of 
moisture and ash as weighed). Tram the pru r tou a dfcomrinn, 
It h evident that In ooala of the Illinois type with their high-ash 
content there will be a very oonshiemhle error tmlase we make rm 
of a corrected ash, henoe there has been suggested 1 another term, 
that of "Unit Ooal," which ia intended to stand far the pure or 
actual ooal substance as derived tram taking into consideration 
the corrected ash. In other words the attempt is made to 
differentiate between the nan-coal substance and the ooal itself. 
TT in letter is ■ fairly nnnirtan't material In its hnsf producing prop 
eriy and general makeup of its compounds. Hu 

non-ooal suhstance on the contrary ia made up of a number of in- 
gredients, more or lea adventitious! and varying both in actual 
amount present and also in composition as they paaa through the 


p r ooessaa of analytical determination. Tor example the iron 
pyrites which la a large factor in the non-ooal material is weighed 
out with the eoal in the form of Fefi*. After burning to aih it 
becomes Fb*Oi and the appHoation of a correction factor to the 
ash m weighed Is Decenary if we wlah to re vert to the original 


condition of the aah, Similarly, the shale or clayey constituents 
have In phwninal combination, a certain amount of water which 
la ?ot driven off by "drying at stedn temperature, but ia delivered 
i of UL lag. AnvBSL, AqB. ST. 

- ' < ' “T] . ,1 

T i i . ) 
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at a red heat In the prooos of adrfng. Hera again, If we wfah to 
obtain a factor far lie titae teh or nan-cael substance wo most 
apply luintlmr carnation to aooonnt for this loSB of flnmVdnnd 
water. An exprewrion, thaefare, for the non-ooal eubetanoe 
hex been adopted aa follows: 

Nan-opal - Moisture + Ash-aa-wsighed + |B + 0.06 (Aah-ae- 
Wfdghed — VS). 

Derivation qf the Formula for Unit CotL — H ub f acton In thJa 
expreodan an ilnlvOd ae followi: In the aeh as welded the 
FeBi of the original ooal has burned to Fo«0«. In' this oomU- 
nation the atomic ratio of the oxygen to the total nlphur 
which It replaom, that fa Fe*0* 3(Fo8i) : : 48 : 138 or 8 : 8. 
Tbfa mene that oxygen bee combined with the iron to the extant 
nf throo nlghtbe nf thn weight nf thn original nlphur Hence, the 
aih ae weighed may be corrected or brought to fae original farm 
eo far as the Fafl* fa concerned by adding ftve-dghthe of the weight 
of the sulphur pre e on t in thoooaL The aaramption hare la that all 
of the author fa p i ee aut ea FsB*. Since there fa always a certain 
amount of sulphur p r e s en t in organic nrwnMna tikro, the above fac- 
tor aarriee with it a small error which fa referred to later in 
the ifarmnAnn 

Again the ratio of iron to iqlphur in iron py rita a (Fe8*) fa 
86:04; that fa, the amount of Iran pre sent fa rerun-eighths of the 
weight of the sulphur. The namblnwH tom and oxygen, therefore 
weighed as Fe«Ot are equivalent tof + farVafthe sulphur 
preeent. Hence, the expremian (Achnuh weighed — VS) repre- 
■enti the ash with the pyrftio iron or fhe resulting oxide Fe«Oi 
removed. Therefore, tinea the original FeSt from which it 
comes hae*no combined water, it fa subtracted before ap ply ing 
the correction constant of 0.08. This 8 per pen t fa a oonetnnt and 
repreonti the water of hydration for the clayey oonetitaentx 
which we wfah to restore to the ash u In Hi original farm. 

The above formula for lf naxv-oool f> haco ^n fw therefore the 
cxprerelon far the true coal or “Unit Ooal u in perccutfure values 
ae foOowe: 

Unit Goal ■ 1,00 — [(Water + Axh-ae-wedghed + ffl) + 
0.08 (Aeh-aMrdghed - VS)]. 

of baotiaofl and bringing to Its simplest form, this 
ffTprwian beams: 


UNIT GOAL 


88 


Unit Goal - LOO - (W + 1.084 + Wfl) in which W fa tho 
- percentage of water, A fa the percentage of aeh-ae-weJghod, and 
0 Ii the Sulphur oontent. 

In this last formula, two eazreotiona are made for Ira pyrites 
by assuming all of the sulphur to be In pyritio farm; the flnik oar- 
reetion |0 gives a oorrootian whloh haa an error of the pine order. 
Bimflariy the seoond eomotikm, VB f has a similar error, Iargnr 
than the flnt, and as these an of opposite signs, they tend to 
nentnUae eaah other. However, the error Involved In VS fa 
greater than In the factor ffl, There will thus have been sub- 
tracted too large an inerammt In reducing to the final form of 
KB. We shall approach nearer the troth therefore by dlghtly 
Inaraaring this value. It will have the added advantage alio of 
oanrsdenoe in n^wil^hig if m lucres* the faotor to -H or 

ffl + AS. 

Tho formula as finally deviled becomes; 

Unit Ooal - 1.00 - (W + 1.084. + i ffl) 

Correction Constant far Water of Composition* — Brief refer- 
ence should here be made to the oozmotion constant of 0.06 
added to the ash aa wdgbed or, salt appears in the final formula, 
1.084L. Hu need of aooh a oorreotlon la of oouree more obvious 
to those working with ooals of the ndd-eontinantal ana where the 
aah la shaley material whloh oarriea always a certain percentage 
of water of oampasKtcm not removafale.by oven drying, but only 
dfaoharged at a zed heat. The, value 0,08 was chosen after .a 
number at 'Mmntritlnni upon the ahafas eonnsoted with the 
ITBnnfa ooal measures of the content of combfnad water. 

A atatrmty of Aw Imp lo y e d far mi of Ash. — 

It Is evident that the facfcss adopted far correction af the aah Ire 
largely empirical. The ultimate evidence aa to their suitability 
timfore will be cumulative, rewriting from aa extended appli- 
ca ti on . Booh evidence will appear under lubmqtxent headings. 
One of the mare dir eat methods far testing their aoaureoy fa 
given horn aa follows: 

Supposo a wMnpl^ of ooal, ground to about 10-meeh, la sepa- 
rated by the thus! methods Into "rink” and "float” material. 
A. solution of ilno ohloride fa made up to a speoifio gravity rilghtly 
under that af the ooal. By stirring the ooal sample into suoh a 
solution, usually 1.88 sp. gr., the heavier partidaa, ngntatirhig 
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thelargnparttf the ash, "rink" to the bottom, and the particles 
with lower uh "float." In this manner a ooal unpin may bo 
nsotved Into two parts, one baring a high uh, and the other 
haring a low tab. If now wo obtain this calorific value on the 
ufiit-ooal bads, the factors when applied to the hlgb-aah material, 
if oosnetly deriaod, will riunr a substantial agreement with the 
heat ralooa for the unit ooal of the In w-uh division. On the other 
hand, if these faoton on wrong, their application to the high-aah 
values will accentuate the error and show a wide dlaampanoy In 
the heat mines for the unit ooal of each subdivision. Again, 
If we oan prod one a wide variation in the sulfur content, the 
ealeulation for unit ooal, which of oourse la sulphur-free, will 
aeoautuate any errar in the oamatkm faoton adopted for that 
eoutitusnb In this manner, both the omrootian values for 
■nlphur, to aoooont far iron pyrite s, and far the hydration of tho 
high-shale content of the ash, an given a test. Heferenoo to 
Table V will show the results obtained an a number of "float" 
and "rink" unples aa thus described. 

Other evidence in detail has aoemmilatad in verification of the 
oomtanqy of unH-eoal values, especially far a given mine or 
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county or melon, and thus, also incidentally affording a nnwdit- 
ent Index of mbolanifinationB which oannnt bo obtained by any 
other method. The following refemnoos oontain a oanMdanhlo 
amount of auoh data together with fflostrativo oppUoatUma to 
which unit ooal values may bo appliod: 

Pm, a. W. and YduO) W. 7 n Unit ooal and tho oampodHon of 
OodA*: Ualr. of UL Aig. Ksp. BU-, ZhdL IT (1000). 

Pad, & W., Pnnhuo and mla of TIHnolo aoal on ipMUbatlan; UL BMo 
GnoL Barr., BvB. » aOU). 

Pm, B. W M Ghomiod dadj of HUnola unfa: OoapnJta lnwHpHnno, 
L EL G. fL, Unlr. of UL Bog. Bxp. Sfea, and U. B. Banaa of Mina* BnB. I 
( 1816 ). 
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CHAPTHB VI 

CAirfjmnansio Msabubuoditb 

DdnMonfc — Seat values an expreered In two wnyi — u Cal- 
oris and as British thermal units. Only the Inigo Culario la 
mado on of in fuel reference and it rep rese n ts tho amount of 
heat nnnr — tj to iwJm 1 kilo of water through 1°0. Tho foil 
ons e st nn fe> therefore, Calories per kilo at kllo-Cfllnriaa. 

The British thermal unit repr ese nts the amount of heat neoae- 
eaiy to raiae 1 lb. of water through 1"P. Tho full nipnilnn, 
thaefdse, would be B.lu. per pound. 

Binoe the Centigrade degree is f or 1.8 timne aa great aa the 
Fahrenheit degree, and the kilo ia 9J046 times the pound, .it 
follows that 1 Oal. would be the equiyalent In Fahrenheit degre e s 
of 1.8 X 8.9046 or 8.968 B.tu. H o w ever , the comparison 
b e t w an urdta ai thus developed la not a oomparieon between 
value aa tti>Hh nee of in the ease of fuels for the reoean that the 
artteary amount of ooal to whleh reference la made in both earns 
is an amount of eoal equal to the unit of water taken, that is a kilo 
of ooal to a kQo of water, a pound of ooal to the pound of water. 
For tide reason, therefore, the rise in temperature in each oaae la 
the acme. That is, a pound of ooal will raisoths temperature of a 
pound of water through as many degrees aa a kilo of ooal will rate 
e kilo of water, or a ton of ooal a ton of water, eto. Thodifferenoo 
in heat values aa mpw a d by there two methods, therefore, is 
rimply the difference in the thsnnametris readings. A reading 
taken by the Fahrenheit seals wfll be | or IS times as great aa 
tha reading taken by the Centigrade reale. Therefore, to 
nhange fuel values expmed In Calariee par kiln to B.lu. per 
pound, multiply by 1 A 

TUe relation of 1 : 14, Ifrahould be observed, refers to solid or . 
liquid fuels only, that is, where the ratio of fuel to total water Is 
.that of equivalent quantities; Fortunately, this relationship 
appUes to Continental values as well as ’Bnjlltii and American, 

so 
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■o that the transfer from Calories to B.t u. is simple and unt- 
vertaHy applicablof or such material Hie matter la quite differ- 
ent howeter, in the eaae of gaaeoua fuel* where the unit quantity 
of reference la not the nine. For axample, the B.Vu. value of a 
euble foot of gas must be divided by 8.068 to find the equivalent 
In osloridi per cubic foot. Than stnee then am 86.814 cu. ft In 
. 1 cubic meter, the szpmdon for transferring gas values from 
B.tu. per cubic foot to oalorics per oofalo meter would be 

M o U 

B.tiU. par ou. ft. X g ^ — OU. per cable motor 

B.Ul par ou. ft. X 8B007 - Cal par oablo meter. 

Heat Values by Calculation. — Hoot valooe may be determined 
from the ultimate analytic by Dulang’s formula, which aammee 
that the heat oamee from the oambostlon af carbon, hydrogen, 
and sulphur. The usual values for them constituents are 
Carbon- 8,080 OaL or 14*044 B.fcu. 

Hydrogen —‘84^600 Cal. or 08,100 B.ku. 

Sulphur - 9,000 Cal or 4^000 B.tu. 

Expressed id the latter sot of values, thenifore, Delong's 
formula bocomas 

14*5440 + 09,100 - g) +<5006 - Htu. 

In this formula the exprearfon (H — ~) repr es en ts whet la 

termed the available hydrogen; that is, the amount left after 
subtracting the equivalent hydrogen needed to unite with tho 
oxygen prese n t to fora water,, 9: 10 or ^O. 

Presumably such oalcolatod values would be In oloee agreement 
with Indicated values by means af a oamfully operated Instru- 
ment. This la true for certain regions but not for others. Tho 
divergence k mare pronounced In coals of the TTHnols region than 
.in the coals of tho eastern United States. “In view of the pos- 
sible prnmnoo of calcium carbonate and the oanooquent error in 
the ash determination for many HHnnfa ooals, it la evident that a 
direct variable In such oaaes enten Into the value for oxygen and 
consequently for the available hydrogen, which would thereby 
result In a di scr epancy as between the Indicated and the calcu- 
lated calorific values. Moreover, a high' percentage of oxygen 
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in evidently may be reaponslble far variations af 

quite a different character, u, for cmunple, a different distribu- 
tion of stub axygBn in a manner not altogBtbar correctly oovered 

by the axpremkm or In the ultimate form of water. Than 

eeami to be, therefore! numerous reasons why a nalmilated 
nine by use of Delong's formula Is of littlo value for 
ooals of tide type." 1 

The Berthlar Test — The Berihter test is based on tho pr o pe rty 
of ouban to redone the oxide d lead at a red heat The higher 
the percentage of oombretfhle p rese n t, the lazgor the button, 
One grim of ooal is mixed with 00 grama of litharge and heated 
to redness in a orwrfhlc. The weight of the button thus obtained 
is multiplied by 421. The product represents theoretloally the 
reducing power of the carbon in terms of British thermal units. 
Itshould be increased by about the value of tho availablo hydro- 
gen prewnt. In minds ooals this does not vary widely from 
8.6 per sent, making the addttinn of a oonstant noon— rj of 
shout 9/M0 B.tu. The results thus obtained may vary from 
the truth by 800 to 80Q units, or from 8 to 8 per eent The 
method has historical rather than practical interest, 

Lewis Thompson Calorimeter, — This is a bell shaped receptacle 
for Bubsnerging in water and containing within the bell a 
cartridge having a mixture of coal, 9 grams; with 29 grams of a 
mixture of potaarium nitrate 8 parts, and potamium chlorate, 1 
part. 1 Aeeordlng to Bohflrer-Kmtainr 1 this apparatus Timm ally 
gives resulti that sre In shut by about U per oant. This appa- 
ratus also dates baek'to a^tixne when a mere approximation to 
the o o rreet values was all^that seamed to be demanded by fuel 
rears. At the pres en t time .a degree of exactness is required 
which was lmpoaribls with either of the methods just d ascribed. 

Other Typefc— n ere are two types of oalorimeten uring 
oxyynu as a medium, far carrying on the oombretion — those in 
which the ox y ge n is maintained at atmospheric pr aw n s and 


1 Pm, B. W., IH State Gaol Bo it* 7m M, p. SBC, 1000. 

Aim, Fqnaaad Ore, BujaaafMfaia, Butt h p. 98-90. 

*J® datefls of tea appantei an n fud, Water and Gas Andyfe.* by 
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th on mine oxygen under approQrimatdly 86 eknoepharee. The 
Aril oondiUon la referred to aa that erf eonatant p w un and the 

y that 0 f IWTIW t flTTt TOlunUft. 

Of the flnt type, the beat known perbapa an Bleahar’e, Oar- 
penter’a, W. Thompeon'i, ate., which oandnet a eurrant of 
uay g an into a chamber oontaining the foeL Hie ohJef disad- 
vantage nauHa from imperfeot oombuatinn, especially with hlgb- 
aah eoala due to foalon of the uh with oonaeqnent mdaaure and 
protection of the oarbonaoeoua matter from further oxidation. 

Oxygen Bomb C ahirini eter r—Qaiorfanetm uafng oxygen at 
app milm at e ly 86 atmospheres preomxre an dealgnatod aa of the 
Bctthelot or Mahler type from the names of 
the luvestigatan who wan pioneer* in their 
development and.uae, A typiosi bomb of 
this type la shown in Big. 18. A osrafnHy 
weighed amount of ooal la held In a oapeule 
within the bomb. The bomb after ohargtng is a 
plaoed in the nan, Fig. 86 and a known quantity 
of water added. After planing In the insu- 
lated rooeptaale, and putting In place the cover, 
an equalisation of the temperature la brought 
about by rotation of the s tir rer. After Igni- 
tion and equalisation again of the temperature, 
the factors an at hand for deriving the heat *"■ 
value of the ooal aooording to the formula: 



B.tu. 


rise X total water 
" weight of ooal 


For example, if 1 gram of ooal wen taken And the total water used, 
Including the water equivalent of the apparatus, won 8,400 
grams, then for a rlao of aay, 4°F. the- heat' value would be 0,600 
B.toL By thla procedure, therefore, mSy be found the des In 
temperature which a given weight of ooal will Impart to an 
equivalent weight of water, tins satisfying the oanditiona of the 
d qflnlti/fr w of the British thiirma] unite per pound of fuaL 
Ain aa already noted under. "Definitions,” in this same 
maniple, if a Centigrade wale were mod the lire In temperature 
■would be 84B8* which by Introducing into the computation 
Wohld^gtve 6,889 Cal, the tanpemture rlao fax Centigrade 
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rlggreai that a given amount of this fuel would impact to an 
equivalent weight of water. 

Kota especially, that in all the dboualona pertaining to thn 
oxygen bomb it Jb areamed that the Oantigrade aoab ie need and 
the final Tahoe are in Qalariee. If, finally, the valuee am wanted 
in BAu. the factor is applied. 

Gflmawrirm tnr — If the lyitflm OOItt&ining the hftnih 

and meumed quantity of water Ie operated at a temp or a l urn 
abom or below that of the room, a pin or lorn of heat will revolt 
doe to radiation. Thie may be ooraeted for in a ray accurate 
manner by taking the thermometer roaitingn each mfnnt* for * 
preliminary period of 0 min. and aleo for a final period of fi min., 
with an intervening pwrfnd nanally of about 0 min. The rates 
of radiation ohanp time obtained an incorporated into a formula 
ooToring the period of oombration and equalisation of the a y at em 
aifolhnra: 


Hie rate of riee for the preliminary period ii r* and for the 
final period la ra The time readingi ora indloatod a m a, b and 
0. At a ia noted the time of ignition, At e the tinw of final qj 
marhnimi reading, and at.b the time yrhen the therm omotor haa 
raaohed the point of rise equivalent to ate-tentis of the total 
between a and t. In Branpnting, the rate ri ia multiplied by tho 
time 6 — a, in mlnutaa and tentha of a minute, md tide produot 
la added to the temperature reeding at a. Similarly tho rate ri 
Ii mu lti p li ed by the time interval o — b and the produot 
to the time a A inning that the timuMoinntef ooneotikmi for 
atom and setting have already been the dlfferenoe of the 
two the rmomete r raadiap thqa oorreotad give the total rtn of . 
tompaature due to oambration. If the tomparature wu falling 
at the time a, then the system ia Inrfng- Instead at gaining heat, 
“dthe amotion is mints ineteod of plus, a reduction of the 
nbtrahend operating as a phi oaneotion. Bimilariy, if the 
temperature ia riring at the time e, the ayatem is gaining W4 
and the emotion for the period 0 - 6 should be minis instead 
of pha. • In the reae of mala where the approximate total rise Ie 
rnbown, and hianee the time. reading 6 at the atotonthe ptfnt 
nneortaln, it k only neenary to tahereadinp at 15 -eeo. intorvik- 
*ir appurimat* 8 min. Three oCX, wffl en^Tow 
to readily locate the rirteuth point when all the reodhp are.' 
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oampleted. Ufa formula, has boon devised by Dr. Dinkinwnn 
oftbeU.a Bureau of Standards, 1 and haa bean adopted by tho 
joint oo mmftt n B of the American dinminBl Society and tho 
Amerinan Soda ty for Tarting Material on Standard Methoda for 
Coal Analyse. 1 It fa cntoeedlnfly convenient and aoourete, and 
in the report of tho oommittBo, entirely replaoea the very 
elaborate and tedious method of Pfanndler. 1 . 



Adiabatic Insulation, — To the n^wfty nf aeeonntjng 

radiation 1 mm and oHminrfting pnarihfa entire, aa afan to Amplify 
the mattrir of readings and otlonlations, various methoda of 
Inanlation involving adiabatic oandltfona bare been developed. 

1 n. a. Barm of Btaadud^ SdmUft Pwptr, ICO. 

• Abu Boa far Tasting MsL, p. flTfl, UUQu 

•for an — pi— lition of Iha Pbumdkr fannofa sm Wane's 
“.Gas and Just Austria* fd ad., p. 9M, 1M0, or 1st •&, p. 9M» 1014. 
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oodMInatdy with that of the combustion system. Booh Instru- 
ment! are design atnd u adiabatic aalarimeterv. Their greater 
Miiwiiknnn of operation and pasribflitios of extreme accuracy 
are apparent. 

In the Instrument hen fllnstmtad, Fig. 14, the water fa dr* 
oulated by means of the . stirrer 22, which hmlndna also a small 
turbine for directing a portion of the water upward in 0, and thus 
through the lid C. In tide manner the Jacketing water is dis- 
tributed on all aides, above and below the container F with the 
bomb B. 

Correction far Adde^One other oondition exists in the use 
of the Mahler type of colorimeter which roquhoe oanildentian. 
Beoame of the on of pure oxygen at a high pressure and tempera- 
ture, certain luaetiona take place which do not ooour In the 
ordinary prooere of oombnstian. For example, a small amount 
of residual air pr o mp t upon doting the instrument hoa free 
nitrogen which undor the conditions of oombustion is partially 
oxidised to NiOs ar with the moisture present in the bomb it 
becomes HNO» Similarly the nitrogen of the coal buna to a 
greater or lam extent to HNO» The sulphur In the ooal which 
under ordinary conditions of c om bustion bums to SO* in the 
oalarimetar burns to BOi ar with the moisture present, to. HaBOt 
Then two highly corroding adds make it Decenary to protect 
. the interior surface of the bomb. This k aeoampUahed by use 
of an enamel,’ by a spun lining of gold or platinum, or by oan- 
skueting the bomb of an add restating alloy equivalent in that 
respect to gold ar platinum. Where such' a precaution la dis- 
regarded, as for szmmpfe, if the anamel type of protection beaomas 
cracked and scaled off or if a lining of spun metal such aa nickel 
is employed, the solvent property of the adds beoomes active. 
There an two Bourne of mar which result from such opnditiona 
— one is the heat of solution raaulting from the chemical Ration. 
This af ooum should not be credited to the heat content of the 
ooaL It would be relatively small in amount, probably not 
exceeding 5 to 10 cal. The oth® Is the masking of the amount 
of free sold which thm eaoapee measurement and would be 
nnooneoted far. In high-sulphur ooals of the Illinois type tho 
error from this aouroe may be of oontiderable moment, frequently 
equaling or even e xeead i n g 100 aL 
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He amount of free add in the bomb washings is Amt detar- 
mined by means of a standard solution of Na«COi mads up of 
such a strength that eaoh cubic oantimstsr repreeenta 1 eaL 
Hie heat of formation for HNOi la 1,030 oaL per gram of nitrogen. 
Hie reaction far neutralisation la: 

SHNOa + Na*00* - 2NaNO, + H.CO. 

88N : 100 Na*CO. 

N : 8.780 NatCO* . 


Hiat la 1 gran N, burning to HNOi and reproaentlng 1,080 eaL, 
requires 8.780 gmma NaiCO* One calorie requires 0.008808 
gmm of Na#OOi or 8.008 grams par liter in whlah 1 so. would 
repraamt 1 oaL 

In the nalenlation thus far It has boon aaamned that all of the 
add present waa HNO». The H£0 4 must bo taken into the 
aeoount* 

Win Bulphnr bume to 80« aqua, it develop* approximately 
4*400 oal. per grim of B. In ordinary combustion the burning 
to SOi generates only 9^00 oaL per gram. The oxoeas heat 
resulting from on nditi nna within the bomb would be lup rea enLe d 
by 4^400 — 8,200 — 3,300 eaL per gram of 8. But the titration 
far 1 gram of N aa HNO* would reprae on t only seven-eighths of a 
gram of B ae H£0«. Thiaia evident from the ratio: 


SHNOi :M0 4 :3NarfX>, 

38 s aa 

Henoe, the tttretiac u HNOi far the HJ30 4 Would be only seven- 
dghtfasaf the heat to be areditod to the sulphur par gmm. Tide 
mean that seven-eighths of the 1,080 ooL or 000 aaL per gmm of 
sulphur -hare bean aazreotad for. Henoe, 3,300 — 000 or 1,800 
would represent the additional, oarreetion required for 1 gram 
of sulphur or 18 oal. per 0.01 gram of sulphur, equivalent to 18 
oal additional for eaoh per oent of sulphur present in the ooaL 
It la at ansa obvioia that the add oarreetion ie a matter of 
■othe moment. Illinois ooala having from 8 to 0 per oent of 
sulphur will show a titration of tram 80 to 00 a a. of the standard 
alkaU representing aa equivalent number of calories reckoned as 
HNO* aqua. A ooal having 4 per oent of sulphur would have 
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that correction augmented by 4 X 18 or 53 oal, or a correction 
on aoeount a! the two addi of from 85 to 185 col or from 150 
to 885 B.tu. 

In the above oanridarationa all or the sulphur present k 
supposed to bo in tho form of organic sulphur ar Fafl*, and to 
bun to H£0«. Badly weathered oool may have an appreciable 
amount of the PeB* weathrnred to FoiBO*, but in open bfrsthh 
will be practically oHminotad by Inoohlng. 

Pm complete oombnctton to H 4 SO 4 H 1* also well to note that 
enfflflkmt nitrogen meet bo pr o eent to famUi a proper amount of 
N 1 O 1 u oatalynr for the oulphur. 1 

The oomotlon In aalariea far the adds formed together with 
the oametlan for fan-wire are subtracted from the totel observed 
calories. 

Correction for Face Wire, — Hie oool in the bomb k Ignited by 
a foe of Iran wire, Brown and Bharpo gage No. 84, and 7 am, in 
length. The weight of win burned i determined with sufficient 
accuracy by nHwinrfng the length of the nnbnrned win. The 
weight of the total length will be faffldantly on octant no that 
repeated wslghlngc an not nncmary. The total observed sal- 
aries an oomoted by subtracting for the Iran at the rote of 1,600 
cal per gram of win burned. 

The Peroxide Calorimeter. — Another type of calorimeter, Jig. 
50, la cxtanrively need In which the oool ia mixed with a dhsmieel 
which will supply the o x y gen to complete the o amlewUtm within 
a aland cartridge, TWa method la men conveniently available 
pstfaapa for technical work. The procedure la denrihad under 
the directione for calorimetric measurementa (Part n, p. jl4D). 
With this instrument the Pahrmhaft scale la man nnmmnnty 
employed. 

The prfndplea I n volved an aafoDowa: Sodium peroxide, NaaOi, 
whan mixed with coal In an! table proportion and ignited, may be ' 
mode to bum or react through an appreciable period of time bat, 
Initeed of the formation of paooa product! u in the ordinary 
proc o n of oombnatian, the COi and HtQ unite with the fthMirinnl 
employed to farm the carbonate and hydrate of aodfum, Which 
Oro aoUda. These noctlona ahown In detail an u foQowa: 

1 /<w lad. and Png. Qbnu, vcL lfl, p. Cl^ 1914. 
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/ 9NitOi + C » 2Na«0 + 00. 

1 2Xa«0 + 00. - NitOO. + Na«0 

/Ni^H + H, - Na*0 + H.0 
\ Na.0 + H.0 — SXaOH 


Of the total beet developed In the reactions under (a), 0.78 
lep c u e ent e the heat of combination between the carbon and 
oxygon. Abo, under (b), the total heat of the reaotiane is made 
up of 78 parte, which inotudae the heat fanned by the union of 
the hydrogen with the oxygen, end 37 parte, which represents 
the Boundary reaction or combination of the water with' the 
nhrnJw*]- TUe distribution of beat valua is fortanate for the 
reason that we may malm the factor 0.78 a (militant which repie- 
asnte the part of the total heat to be takon ae the equivalent of 
the heat of octtnaiy eombuatian. Other oaneetiona mutt be 
applied to the fnrtinatcri rim in temperature ae detailed in the 
method of operation (Part n, p. 158). A brief dbeoeeian having 
reference to the reason far applying the o mi eetione la hen 
given. 

FinL — The ignition, ia effected by aa electrically heated fan • 
wire. The amount of heat introduced by the electric currant 
and oambuetion of the wire ie found to be O.OOfiTT. 

Stoond . — The cnmUnstion of the aih with the sodium peroxide, 
forming in the main eodhnn and a lum i n um sflloatre, Is attended 
with a alight inaremsut of temperature which ie found by direct 
experiment to amount to 0.00ff*P. for each par sent of aah present 
hi the fuel. 

Third . — The sulphur in ordinary combustion borne to sulphur 
dinririe, 80a while in the reaction with the chemical the ultimate 
remit is Ha£0«. The dUvenoe in the heat resulting from the 
two reactions tiiould be eubtneted from the Indicated tempera- 
ture. The amount of ' the oarreotion ie determined by burning 
pure iron pyrites, P^a in the apparatus and oamparlng the heat 
evolved with the aooeiried heat vabe far the ou m bu rt t on of an 
equivalent amount of sulphur to BO** The Is found 

1 Tb. sampltta raMtioq. hvotrad an probably opi— d by thacquttion 
KsdOa + NadO + 0 + ffl - tfhOH. Bn The comMs of tin Tut 
oslortmatar, /Var. Aa. Chaw. Boa, voL IS, p. IfllOL . , 

■ Xm. p. ISO. ~ \ \ 
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to be equivalaixt to 0.010°?. for oaoh per oant of sulphur preeont 
in the ooeL 

Fourth , — Far the mare perfoot eombustian <rf ell types of ooal 
end also for supplying the eenmingfr needed free or neeoent axy- 
gnn ftg tho oam b o rtl on of the hydrogen, en aeonlarator ii need in 
conjunction with the sodium peroxide, preferably ahlarete of 
potash, finely pulverised end dry. 'Hie heat of doeompoeltion 
of this material pins tho roeomhlnatkm of tho free oxygen with 
tho NtsO moulting from tho reactions with carbon amount to 
0.270°?. par gram of ECHO, usod. 

Hie tn dins tod rieo of t om pemlnro la, therefore, first oorreotod 
far tho seraral components amunsreted, end the o o no o tod rieo is 
nsod In tho formula: 


B.tm h 


r X * X 0.78 
0 


In whloh r is tho oorreotod rim in tampomtnre, w is the water 
equivalent erf the water and metal of the appuatn, 2,128.8 
grams, and O is the weight of ooal taken, 0,0 gram. This will 
ghm ue the dee in degreoe Fahrenheit or B.i.n. whloh an equal 
weight of ooal will yield upon oomburtkm, provided the actual 
heat of oombnrtlcm is Imparted to an equivalent of water. 

Blnoe, in the above formula the faotaa far w, O, and the oan- 
•tant 0.78 oooar in all oa ere, their resulting value beoocoefl a 
oonetant equal to 8,100. Thus, 

- moo 
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Grom and Ret Heat Vetoes. — In all of the eolorimctric 
considerations thus* far the results u computed give ‘the gram 
values, that is, with the products of combustion reduced in 
temperature to approximately that of the surrounding air, 20 
to SITO* Hi is means that the water fanned in the reac tion s 
has (tan up to the system its latent heat uf vaporisation. Hie 
weight of wafer is ‘ (hydrogen X 0) end the weight of water 
X 0,000 rep r e s ents the latent heat of vaporisation In dslaries 
to bb subtracted tram the observed calories. Hie remainder is 
the net heat value. 

There la hot a little dJmgnezbent as to wMsh value, the from 


lithe moop important, In ordinary steam gnomting 

■ .1 i a i j f 
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tngtiTUtfrmfl where the fine pM an delivered aboto the point 
of oondenMiJon, the net Tiluee would nem to be required. Ite 
engineer however In developing hie heat balance tehee into 
■Mount the heat of vaporieatLon of all -of the maieturo, whether 
free ar ftrmarf in the reactiona, and H is rimpler therefore to 
charge all to the total or gram heat of the oooL It ie 

da rira blaon thle aooount that he be famiehed the hydrogen factor 
11 one of the oonitttaentB of the nhemioal analyik. This requires 
an ultimate anilyeia of the eoalf or a rimpHflod procedure os 
described in the following chapter. 

PirthU hMngmphy nhUng to oool —lnHnntej. 

Lohd oad Bc wH i iM f Ohio State QooL Barr., 4 th nr., BvB. 0, p. 890. 
irvifn, /nr. Am. Own. Boa, roL 98, p. 009. 

Pm, B. W, Jam. Am. Obqu Boa, ml SB, p. 1000. 

Pam, B. W h /our. Ind. and Bog. Ohm., wiL 1, Na 0, p. 078. 

Iioa J. A, Tii iiaHjiUiiii !■ the II nf lha Tinmh mliiriiTinlan U.B. Dq»k 
A* ML 04, 1007. 

ftwufi a, B. m, "CoJ, Ite GnnpaWon, AuM ota," 1019. 
Vim, A. PL, "T WAnWJ Qu nd Tual Analy*,” 1914. 

Dmzma H. a. U a Bom tf Btanduda, M(|b Pepr, Na 98a 
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Ummats AiriLTd 


til GtituHir— Ai ft substitute for tho olabarsto ud not 
m satisfactory ultimata analysis of ooftl tba following method 
xs found both oonvonlont and aoourate, fully the 

rtmionta of tho engineer In baflnr-tasting computations. 

0 oar bon oontont of oool may bo readily dotormlned from 
jftlon with sodium pannddo molting from the oalorlmotrlo 
mlnutiona making no of that pr ocess Oombustione with 
■ may olao be nuulo in a rfmpjs pieoo of apparatus devised, 
uU purpoao and not involving .tho elaborations nnnnwij 
j temperotoro rondinge aro involved. Figure 4Q ihowi 
pporatn far obtaining tho furiona. 

or the reaction la completed, the fution oup la trineferred 
aAkst, the oontanta dtie oh red and traiuterod with thorough, 
ng and as lit tie oontaot with air as panlble to the apparatus 

1 in Fig. 48. Details of manipulation an given in Part IL 
■©suite enable ua to derive with a high degree of aoouracy 
ntor for carbon. 


rtratkm of Hydrogen by Calculation. — In the oalmilatione. 
riving a heat baton os, tho engineer requires the factor for. 
>tal hydrogen In the ooal used. Tho hydr oge n present Jt. 
lend as eombtned. in two different ways. In one, [the. 
gen k “dtaposabb 11 or "available' 1 for oombmtian. 
i other It k s upp ose d to be joined with oxygon to farm H«0 
rhen thus oamMned is not available for the produetion of 
The arailfthls hydrogen may be derived aa follow*: If 
i O re prese nt the peroentage of total oarfoon, then 14,5440 
qual the heat value for that constituent. To this add 
mt nine of the sulphur promt, 5,0008. Hie remainder of 
sat ifl due to the aombvticm of hydrogen. 1 Hhnoe, with a 


for hydrogen of 03,100 the perosnb^e of available hydrogen 
11 be repraBcmtad by the eipitationi 

n _ B.iu. - (1^40 + 6,0006) 
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The hydr og en not aveflsblo or ocmricfarod to be in onmhftmtfon 

with uajgMii !■ eeHrneteri u ana-eighth of the oxygen or in 

DulongV famuli*. There fa required, therefore, the peraentegD 
of oxygen and thfa fa determined by difference. That Is, if we 
aubtreot from 100 the values far eeh, aulphur, total oarbon, avalt- 
ahle hydrogen, and nitrogen, the difference will be the non- 
available hydrogen and oxygen piu — it in the ratio of Hi : 0. 
TTunw^ Queelnth erf thh differenoe fa Hi eight-ninths la the 
oxygon peroontage. That is, the peraentage erf ohemldally 
oombfnad water fa le pr s en ted by the formula: 

H.O - 100 - (A + B + 0 + available H + N) 

The only undetermined footer In the above eipi a rel on fa that 
for nitrogen, It may be d e termin ed directly by the KJddahl 
method, <ar, far purpose af calculating a bent halannw it fa quite 
anffleiantly aacorate to warns a value of 1 par pent for ntogen, 
atnoe the amount present in faHumlnoaa ooela varies only within 
relatively narrow Emits, aay from 0.70 to 1.00 per oeni There 
calculations oaa also be made to good advufaga by baaing the 
faotore upon the pore oambuatfble or "TJntt Coal” described in 
Chapter Y. The final resutta however are not n aa enti i H y 
different. It fa especially to be noted that In thfa fastis, all 
referenee to oxyg en and hydrogen in eoal fa on the areumption 
that the free moisture fa separately determined fay drying at 
100*0. and reported aa moisture. The hydrogen and o xy ge n of 
the free moisture therefore do not appear as aoreti tuanta af the 
eoeL 
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OHAPTHH Tin 
CuMDicunov or Ooau 

Truer 1 ! Clierifl nation. 1 — Tba nlanrifloatian erf ooal In oammon 
dm wu outlined by Fraser in 1877 and wai baaed ' an hia study 
of the.ooala of Pennsylvania. A wider knowledge erf the ohar- 
aeter of western tod mld-oantinantal deposits eaUa far the addition 
of a few enbdivialone. In tabular farm the fallowing nlawffl- 
oation baaed an that of Fraser most nearly approaches everyday 


Anthmritaa 

BantufthnMitaa 

Boni-bttamiiuaa, 

(PMahoatu) 


Ooau 


Voktib matte 1 , babnr 0 par wit 
VoL, 5-10 pm eait 
VoL, 15-Spar amt 

/ VoL, 35-85 pm emit 
\ Tain llafak, 9-4 par emit 


ICIttCatt- / VaL,. 85-45 per out 
tfnantal, \ Yatn Mote., 0-17 par amt 


Bktk lignite, 
eir 

Bnnm ligate* 


YoL, 85-45 pm amt 
Yob Mote, 17-80 par 
YaL, 85-41 pv«ni 
Ydn Mtek, 9IHK par 


Numerous systems af oliMiflnafirm have been pr o posed, but 
none haa been zeeefved with soffldent unanimity to warrant ita 
general adoption. In the main, they an baaed on certain ratios 
wMah have oame to be designated by tonhnlnal term s ai foQowsi 
Tual Batio* — A term originally pr o p oned by Johnston, and 
m o dified by Fraser is re pr ese n ted by the flaed oarbon divided by 

tlwj vhlafOe: matter, Sinoe this ratio is hipest In the 

L tapMM, Jte, »m>««L Mn. A 14 , 4B0y UT 8 L 
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anthraritaa and ■ami-urthradijes, and lowest in the lignites, it 
serves in a general way u an indication of the type of ooal aa 
well u its behavior under conditions of oambostion. 

Carixm-hydrogen Bifla — This term waa proposed by Camp- 
bell and la praa en ta the percentage of total carbon, divided by the 

T.O 

percentage of total h y dr o g en, — g— Those factors are obtained 

fay ultimate analysis and an not penally available. Unfortu- 
nately also the hydrogen factor used by Campbell waa tbo total 
hydrogen erf the ooal and also of the froe mokturo which may have 
happened to be promt at the time of analysts. As this oonetitu- 
cxrt is variable and dooa not gove r n either the goologioa] or ehomi- 
oal characteristics of the ooal It should not bo a contributing 
element In the carbon-hydrogen ratio. 

The free moisture aa It oesoia In the ooal vain doas havo how- 
ever with eamporatively few eio e p tione a real signlfloanoo as an 
apeampcvidznent of -the various types of ooaL This factor how- 
ever begins to vary aa soon aa the coal la broken out of the Beam, 
Hie topic la one of genlogfeal interest however, and la woQ aet 
forth in Campbell 1 ! later dtaouaebn on daadflflfttion, which also 
defines the main ooal ty pes In terma which will doubtless be 
nntvmaHy adopted. 1 

The Carixm Batiow — This repres ents the volatile carbon (that 
is, the carixm joined with h ydrogen or other elements to admit 
of Ha sum frig a volatile farm) divided by the total carbon con- 
tent of the ooal and this multiplied by 100 gLvea directly the 
per cant the volatile carbon Je of the total carbon. 

The advantage ctf any ratio, mating urn of the actual fuel 
constituents, la the fast that it remains the whether tho 
m editors and ash are present or absent, thus eliminating some 
of the moat serious variables inherent in many of the propo se d 
schemas of riamfflnatirm. 

Ckasifloaflon by Heat Values,— By eliminating the variables, 
noh as moisture, aah and all, adventitioui material, it la evident 
that the hast value for the residual auhatanea would bo modified 
by the inherent variations of the pun eoal constituents, that is, 
the oar boo, hydrogen and aaygon p r a wn t. Obviously ther efo re, 

1 P n fi m iml Pwv Ittkd, by If. H. Onaau, 1917. 
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this loads ub to a oonaldsrstlan of the heat values for unit ooal u 
a buds of olqarfflcatfcm. Booh valuae will be found to give vary 
oonMatant indlcatlo n a of the type variations 
Derivation of Heat Fainas for Unit Coal. — It la obvloue that if 
the heat value of the unit ooal la (mutant within narrow Hmita 


foragfanmlneorraglim we may if suoh unit values are known, 
revane the nalwilatinnj making uee of any known or aadgnad 
vahire for moisture, aah and sidphur, and re determine by calcula- 
tion the heat value of the oammandal produet far that particular 
mine or region far which the unit ooal value is a constant. Wo 
■hall neod to dJaouea in the first plaee, therefore, the method of 
oaleulating mdt ooal vahua. 

From our previous dleomdon of the formula which haa been 
developed to represent the percentage tf unit ooal, itla readily aean 
that the expsealan far deriving the heat value fat that eobebuioe 
would be as fallows: tUng W far water, A far aah, and B for 
sulphur. Far ooale with values given an the f, aa-reorfved" or 
"wet" buds; 


B.tn. of Unit Ooal 


Twilnatod (Wet) B.Lu. — 0,0000, . 
1.00 - (W + 1.0BA + fe/4CBT 


For ooale with values given on the "dry” or moisture-free baaia: 

The e i pwh m 0,0006 haa been ured aa Indicating the beat due 
to the oombustlan of sulphur, for the reason that the value 4^006 
aa used in Dulong’s formula r e pr es en ts tho heat of combustion 
for pure sulphur, while the beat of oombostian of sulphur in the 
form of pyrites, Fe0* com triune also the' heat of formation of 
iron aside, FbiOi. It ii the resultant value, therefore, of the 
aavaral reactions Involved that is desired. 

According to the direct toate by BomSrmfliflT, 1 in the combustion 
of ooal with known weights of Iron pyrites, the indinetad heat 
per gram of sulphur eo onmhlnnd is 4,007 oaL In calculating 
beat valuca, the oarreotlon introduced far the oftmbtnatioM 
resulting from oalorimetar reactions aa oompared with open-air 
eombortion is 3,043 oaL per gram of pyrftie sulphur; hanse 4,007 
- 3,043 or 3,010 oaL (0,347 B.tu.) je p rta en te the heat due to 
, l Jtm Am. Chan. 8o*,voL 90, p. M6. 
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baznlng ans grain ol sulphur In pyritlo farm Instead af 3,300 oil. 
(4,000 B.Ltl), the amount which would be endited to sulphur In 
the bee oandWoiL A strict application of there values, there- 
fore, would oeU for a correction of 0,3478, m representing the 
beattobeaubtnatedforthesulphur, Tide, however, would Imply 
that all af the sulphur Is Jn the pyritio farm. Since a certain por- 
tion aftho sulphur Je always p r esent in organic or other formal lere 
beat-produeing eapad ty , It la deemed more nearly oarreot to are 
en even facta ol 5,000 bo repr w a ntin g the heet to be credited 
to unit amoanta of the total sulphur pr ea on t 

The adaptability of this formula, to determining the peroentage 
of the pare ooal ■ufaetanoe haa been fully aot forth in Chapter Y. 
Ifce data there gbon, using the oalorifla lnaluea aa evidence of 
oonotanoy of composition for given areas, may naturally be 
Interpreted In tonne af clssrffl cation or demareation of type*. 
This paint may be graphically represented by reference to 
fig. 10. 

In this flhwfaratian three types af ooal are shown with the 
relative amoanta of each oonatituent lndleatad by appropriate 
anaa. In that part ol the pure ooel aubetance 1 daalgnated aa 
TolstUe matter the oiygaii compounds are shown by the arore- 
hitehed portions. Evidently the extent of theeo areas, being 
oaJ Q ui t t e d to the fully oxygenated or “Inert" beats, furnish a 
very pronounced tnfluenoe upon the calnrifln value of the pure 
ooal or “Unit" material. Tide baata of cdaaaifloation la made 
■tm of in the dheadan and rafdranoea which' follow. 

By com putin g the heat values aa derived by this formula for 
solid fuels throughout the United Btstea, as pubUahed by the 
United States Geological S u rv e y, the Ohio State Survey, and 
the UHn ola Geological Survey, we have in tAhnUy form, giving 
the aitoumdi far aabh general fuel type, the fallowing: 

Tails YL — Oussxnusox aw P oil Tns ir Biui Vamjss ids Uarn 
Goal os Actual Qaauno Bnsssw 


&nv. 

GUkdoa sad wood 6,000 to 7,500 

Prat. 7>800 to 11,000 

Ufrila, brawn 11,800 to IB ,000 

Uplto, hkak, or tofaUtamdnoDi sari 18,000 to 14,000 

Bfanbooi —I fn M — UntU l flsld) 14,000 to 18,000 

IMUn s Is i w sori (— two Md) 18,000 to 10,000 

BwketnlU id — H dtoislBW 18,80010 10,000 

Artfcmlto 15,000 to 18,800 


l 4 
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This study his been carried still farther by the Hinds State 
Geologtofll Bnrrey, and the ertiemaa have been derived far the 
various seams as worked throughout the ooal ana of the state. 

It is to be recalled that the geologists recognise 10 ooal seams 
for TIHnofa, counting from the bottom of the cool measures 
upward. Only Ber ea of these Beams are of workable thinknaw. 
The numbering 1 to 7 follows the goologioal order, and not that 
iwed in same localities, as at Ia Salle, Bloomington, etc,, wharo 
the number of the seam is that which resulted from the ardor of 
their development from the surface downward. 

Composition of HHnols Coals. — A recent survey carried on by 
the Illinois State Geological 8 ur ? ey in cooperation with the 
U. S. Bureau of Mhiea oovared all of the ooal producing counties 
of minds and included something over 100 mines. Hie analyti- 
cal values. far the ooda from these mines have bean averaged 
■ far the various oanntiea and smssssmblad in Table VH. Wharo 
mining operations are carried an from dHToront seams in the same 
county, the average far the tingle seem indicated is given sepa- 
rately and not for the county aa a whole. Also, far the reason 
that some of the Booms vary widely in dharactor from north to 
south, the letters N, O, or 0 are occasionally used to designate 
the general region from which the samples am token, namely tho 
ninth, central, or southern sonas. Similarly, since in some 
rather restricted loesttties a marked alteration in the seam oooun 
from east to west, the letters B and W ore used ss in Ferry 
County, the letter B tignlftns, far seam No. 0, east and W west of 
the DuQudn anticline. 

A brief Uttogriphy of dlmarions apm ooal ckaUealkn Is ghran aa 
ftiWowai 

Joaomw, W. 3L, E f§t H I§ U n ihd Itri w ft aw n ■ awl tn H i Tnwrt w n Qmh," 
1044 

M "DtatiooMy” 1844 

TaAaaa ( r FiaBna, Jk, Trm*. lfh. Bn g* voL 0, p. 480. 18TB. 

Wan's <l T14etinnaiy of demtary," vdLJ, p. 1084 

Hoc— ^ &1X, J hpfr f la. a ii W Tgwwist voL 8, part 4 p. 084 

U. S. God. Barwi Pnftmtmtd Pap*} No. 44 
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dri'ifi i f sr Luna 

(OiimM from BhB. No. V HL State GeoL Barov) 
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CHAPTER IX 


Coal Oowtractib 1 


Introduction. — Present-day t«™Unfda« blaring tn flw purohue 
of coal under upedfloation an reflected In the following quota- 
tions: 

Whan a proper sample of the ooal is secured, the ohemioal 
analyies and calorimeter detmfaationi far B.ln. an a better 
guide to the value of the ooal than an one or two boiler teeta for 
the aame purpose. 1 

Tbe purohaee of ooal under iporffl nation b as advantageous aa 
a definite understanding regarding the quality and othai features ' 
of any other product, or of a building operation or engineering 
project. Tbe man who buys under spedfloation gate what be 
pays for and pays for what he get& B 

*Bia heating power aapra ned in British thermal unite per pound 
b the moat direct measure of the value of ooal. Contracts made 
on what b termed the "heat-unit bub" provide therefore that 
the amount of money paid shall bo in direct proportion to the ' 
number of heat units delivered. It b evident that the number 
of heat units varies lnvmelly with the quantity of ash and mob 
tun. That the bidder should be thoroughly familiar with then 
factors In their application to the ooal which he pr op one to 
furnish b self-evident. A thorough understanding of the 
methods cf awarding oontimets b a n ont laJ to the dealer who pro- 
pane to enter bids on a competitive basis, FUmflariy the pur- 
chaser most not only be able to formulate hb own con t racts but 
also to chock up the various bids in a way that will enable him 
to determ ine their naaonablenen and'llkwHhood of proper fulfill- 
ment. Bpfwtfl cations for the purchase of ooal have pained 
through an extended pr oeeaa of development. It may be that 


1 Fibs B. W. f Adapted Iran HL Stats OaoL Barr., AA Hb 1814 
‘"Tha Pnrshaa cf Goal," Tim Arthur D. Iittb, In* Iabqsfcny of 
fcgbaai * n g Chwikky, pp. 10-11, 1000. 
a Pon, Q. Ai Punhan of «aal fay gw pnomnt note nmdAeiannai 


, TJk B. Gaol Barr., BwB, 488, p. 10, 1910b 
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no one method la cron now applicable In all regions or nndor all 
oondltlone. The discnreinn here presented ii baaed mainly on 
the pnotioe of the Board of Administration far Ullnola In the 
purchase of ooal far the State Institutions. It le closely relatod 
also to the procedure employed by the United States nndor the 
Immediate direction of the Bureau of Mine In the purchase of 
coal for government me. 

Cahwlatkm of Comnienilal Heat Values for Contracting 
Pnrpo sea. — From what has already preceded In the diecuarionof 
unit ooal Tslnea and the roUabtHty of the oonetanta thus 
developed, H will at onoe suggest the me of aueh faoton on the 
part of the ooal operator or dealer in formulating a proposal for 
ooal dehverlaa. A brief resumd and application of tide fea t ure 
will be helpful. 

In Table YUl a few fllmtmUvu exam plea are given of unit 
ooal vahies. Complete tablm covering all of the producing 
counties of the state have recently been published 1 from whioh 
these figures have been taken: 


T su YUL— Atsbaos HmirVAun res Ujot Ooal nr Bemn Tkbbuaxi 
Uhns vm Pons 




ML I, n ■ -* 

rramoor or 

■uapka mnpc 

Avwigo— HAn, 
l "unUeoal” 

lfl 

14,484 

a 

14,840 

8 

■ 14,810 

IB 

14,880 

IB 

14,807 

0 

14,780 

8 

14,780 


Hie me whioh ean be made of tham ,<< unh ff valuee suoh u are • 
Shown In this table may be readily understood when H la ' 
remembered that each number repres en ts material which Is 100 
per cent pure and that far eaoh per cent of inlsrt matter present, 
sooh is water and ash, there is a c o rresp on ding decrease in the 
number of heat units piuamL That is to eey, if a coal has 90 
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ropneent tho heat unite pro agnt par ponnd of ooal u delivered. 
Indeed} It le paedble by taking aeoount of oortaln raflnemanta 
already referred to eunh as eaneetibn futon far sulphur and hydra- 
tion of the ahaly oonatltuanta, to " i * t * a oalg glation whloh will 
be of qtdto vuffldant aoeniaqy far baaing bids and entering Into 
oonbacta involving a guarantee aa to heat values. The method 
of oalenlattan ia exoeedtngly simple and la baaed on the following 
flzpnsfam: 

Let A h weight of aah per pound of ooal. 

Let B — weight of sulphur per pound of ooaL 

Urn 

“Dry” Btt.iL - “Uidt" B.t.u. X [1.00 - (1.08A + 0.508)]+ 
5,0006. 

To Hhstrate, toko the "unit” value far ooal from Vermilion 
County, Sample No. 0 in Table VUI. Buppoeo we wiah to know 
what boat value oan be guaranteed on dehveriea from a mina of 
tide group on the back that we oan fundah material averaging 
a a the “dry ooal,” per oent aah, and 8 per oont sulphur, we wlQ 
have our total non-eombuatJhle material oorrooted by the above 
formula aa follows: 


1.08A 13.05 

0.508 1.55 

Total 14.51 


100% - 14.61% - 85.80% 

14,780 X 80.89% - 13,078 

In thk ealeulatlan the sulphur hap bean neglected. It has a 
■mall heat value equal to 5,000 timea the wdght of sulphur preeent 
or 00 times the pcremtagn number, thus: 

50 X 8 - 100 units to be added to' the above value, or 

13,078 

100 

13,738 B.tu. 

DeUvertea from tfaia mine, therefore, having aah, and sulphur u 
indicated above oan be depended upon ae carrying 13,738 heat 
uzdti par pound of “dry” ooal, end tide footer should be ooaurate 
w fthh i 100 unite in 13,000 or leas than a variation of 1 per cent 
hum values aa they would be determined by diroot reading from 
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rrnnent. 1 Any other set af values far ash and sulphur would 
ty admit ol ready oaloulatlon and should be used u a buds 
relations involving guarantees of deliveries on a hoot-unit 
If the heat units an the "wet” ooal basis an dootrod 
ng, for example, a moisture factor of IS per cent, the above 
la derived far "dry” ooal should be multiplied by 0.88, 
13,788 B.ku. XOJBB ~ 10,818 B.Ul per pound of the "wet” 
■amine R moisture factor of 15 par cent aa Indicated. 
MeanM of Heat Vahiea — The cost of a given lot of ooal 
3e baaed upon the weight of the material. The earn pie 
should represent the ooal "as delivered,” and, aa already 
aUed, moirture changes In the sample am to bo oarefully 
id against. Variations iff quality are taken into aooount 
ying the price per ton directly in proportion to the number 
b unite delivered* In the award of contracts aqd In oampu- 
i for payment, therefore, the oalonlatinns an baaed upon 
at unite per pound in the ooal "aa dettvarod.” 
earning the Ash. — If there wero no other effect produood 
i variations than a companding variation In the heat 
hen no further account would be taken of that constituent 
t would be taken oare of in 'the oaloulatkma Involving the 
nlta. However, on aooount of the ezpenao In handling, and 

■ of a lowering of efficiency resulting from exoassive aih, 
jttUonal modulation In price is made for this constituent, 
.eater oanvenienoe where comparisons am Involved and to 
ate the moisture variable, it la found preferable to refer the 
dues to the "dry-ooal” basis. Ttta involves the usd of a 
s standard of reference; the heat unite am referred to the 
'* or "aa-reoeived >l basis and the sab ie refsred to the "dry ” 
lokture-froa” basis. 

3 usual methods of applying the various oondlthms i n volved 
.van as follows: 

■ and Awards* — 1. Bidden am required to specify tbrir 
flared In toons of British thermal unite "aa-reeetvQd,” but 
i specified an the "dry-ooal” basis. These values booOme 
andardi for the ooal of the aueoes af ul bidder. 

In order to compare Uda, all proposals am adjusted to a 
ion bank The method used Is to marge all three variables 
mpait with valnas food lor Sample Ho. 88, Tahls TIL 
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— ash, onlnriflfl value, and the prioe bid per ton — into one figure. 
This figure will be the ocat in oenta of 1,000,000 B.tiL and is 
derived as follows! 

(a) AH bids are adjurfod to the came »eh percentage by elect- 
ing aa the standard for comparison the propaMl that offers eoal 
containing the Upbeat peroentago of ash. Hash 1 per oant of 
aah oantent below that of this standard will be aimed to have 
a paritfve value of S oenta per ton, and accordingly the prioe will 
be dearea»d 9 oenta, wfaieh is appmahnatriy the amount of 
premium allowed under the contract for 1 per oent lea aah than 
the standard established in the contract. Fractions erf a per 
oent will be given proportional valuta. 1 The adjusted bids win 
be figured to the nearest tenth of a oent 

(b) On the basis of the adjusted prioe, allowance wfll then be 
made for the varying heat values by computing the oost of 1,000,- 
000 B.tu. for each ooal offered. Thie determination wfflbpmade 
by multiplying the guaranteed B.t.0. per pound by 9,000 and 
dividing the product by 1,000,000. This factor gives the guaran- 
teed number of mflUon unite per ton of deltvered ooai, Divid- 
ing the adjusted price as found under (a) by this factor gives 
the oost per milUcm heat unite. 

A convenient form for fhnlMdng bids to indicate the various 
factors entering into the final computation of oost <■ shown below. 


Tima IX — O tnr w amp ff Fame na Timzusm Bum 



1 Tbs Mtoal BD0Dnt of pnndum or pmultr will wj Jtfdjy with th*' 
pda* u will be mb uadar the pangiph cm " Prise sad Fiymani” Bbr- 
m tte mm of a amusxm faster -appHarf to all Uds win plsao the varibss 
■tfansta fa thdr prapv nUthe padtiaos. 
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Vies amdPai/mmL — -Payment far ooal specified in tha proposal 
l be mada upon the bads of the prloa therein named, which baa 
n corrected far varietioao in heating value and uh from the 
ndard apaelfled In tha oantreot, u fallows: 
a) Ooniidflringthagnajantflad haatnntiaonthe^aawiTad 11 
da, no adjoatmant in pzioe la mada far variation of 9 pair oant 
lea in tha guaranteed standard. Whan tha variation in beat 
tta aiaeada 2 par oant of tha guaranteed standard, tha odjust- 
nt in prioa will be a propo r tional ana and la determined by tha 
Lowing formula: 

bid priai - price oamofad tor BAu. 

rhe oarreotian is figured to the nearest tooth of a sent. 

(&) Oonridering tha guaranteed aah p erce nta ge, a toleranoo of 
per oant above or below the guaranteed percentage of aah on 
s "dry-coal” bade ia recognised. For variations greater 
in 2 per cent above or below the standard guaranteed, the 
Justment In pzioe shall be determined as fallows:' 

One-half of the d tia re panay in aah percentages is multiplied 
■ the bid price and the result ia added to or subtracted from the 
loe aa adjusted for B.t.u. The ash adjustment ie figured to 
e nearest tenth of a oant. 

As an "»r 1w of the method of determining the deduction in 
nts per ton of coal containing aah wieeefl i n g the atandArd by 
ore than 9 per cent, suppose ooal delivered on a c o nt r a ct 
laranteatng 10 per aent has an the "dry-eoel” basis shows by 1 
lalyric to haVo 14JJ0 p« oant, the deduction aooarding to this * 
ethod would be \ (4.50) X price oanroeted far B.t.u. 1 
The Formulation of Proposals. — The ooal operator should know 
hat guarantee he can maintain in up his bid. The 

mhesar should be able to determine the HknUhood of the opera- 
r being ahh to fulfill hfa guarantee withnnt aa wa re t ve 
There unit ooal values are known for a p*^*™ 1 ** m\n* or die- 
let tide Informatim is a matter of oaleulatian end has 
ready been explained an pegs 00. Table VQ of average unit 
since for the producing counties will fumltix the Initial data. 

1 lfathoda of gwdfaaUr— far the fmmnwrti IT. & 

tnsfc of Minot M Uii P> 61, lfllfll 
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CHAPTER X 
OauBufenan ow Con. 


General Principles. — Hie dtfflouftia the complete 

oarabntibn of bituminous oosl in (Uretely related to the volatile 
matter promt. The showing of lugs volama of there- 

fore, it a sore lign erf ■arlon Ian of the fuel oonetitaente. Tho 
undcriying principles famish a vnffldflnt explanation for' the 
Iona which aooompany heavy imoke. A brief enumeration, 
therefore, is here given: 

(a) At temperatures below 400*0. about one-half of the total 
volatile nutter of bttuminon ooal la dftoharged, 

(&) The flrtt dfatfTlatn at then lower tempantum an com- 
posed of water vapor, oaridea of oarbon, aarne hydrogen and 
methane, bat ehfafly the so-oallfld heavy hydrooarbona, ethylene, 

■ propylene, beneene, eto,, bmhvBng eleo some c om p ou nds whioh 
ye light oQa and tan at ordinary temperature, 

(d) Under the mote favorable oandfUona ft ft difficult to bom 
then heavier oamponnda without prodoelng a smoky flame, a ' 
prarequftite being a much larger mixture of air than that required 
fer the dfttlllatee whioh same off at the higher temperatures, 
mainly Tnatfim* (OH 4 ) and hydrogen. 

(d) A high pwirnflantegc of moisture, whioh ft afto dfteharged 
rimolteneooaly with the heavy hydrooubona, aooentoatae the 
difficulty by euddan expantion into ateezn and ocmeequent dft- 
placement of air, aa well aa by lowering the temperature of 
the tmhnMrm ahmmhw while the proeen of vaporisation ft 


proceeding. 

Trim thft enumeration, ft ft evident that to dftaharge then flat 
dfttflhta into a relatively oooler ecme emphstins the nnfartm- 


able conditions far u uu ib urtl on and rewrite also in a oondaontio n 
of tenft d the oompounde, all of wMoifis made evident by the 
teqjjaf&ndstf dean ybhtmes of smoke.. TUs ft always the mult 
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with heron floating appliances and k man ar lore evident with 
all steam-generating devices which an find Intermittently. 

The meehanioal ar physical features crewntial to smoknlnai 
comb ration an now well nndentood as the result of the elaborate 
experiment! carried an by various investigators. 1 The two 
fundamental eleme nts involved an: First, a oemtinuous aooes 
tikm of fuel by same ayst e m of automatic stoking; and, seoand, 
the dkflhar|B of tho vdatlk products into a highly heated oom- 
bretiou acme for acoomptiihhig both the nnnnrenry admixture of 
air and the oamplstian af the oxidation proceeres before coming 
In oantaet with the relatively ood surfaces af the bailer tubes. 

Oxygen Supply. — Ono pound of pure eerbon requires theoreti- 
cally {{ or 9| lb. of oxy gen far oompbte eambustiam Slnee 38 
per eent of the air by weight k oxygen, 1 lb. of oarban requires 
1UI8 lb. of air. For any reasonable degree of efficiency under 
the nrnidHJana prevailing in the average emnborilon device, . 
thia amount of air mart be lnereaeed by at least BO per cent. 
Yay much depends, however, upon the distribution d air allow- 
ance. The volatile hydrocarbons which are dkoharged from 
the fad bed are at a double disadvantage. Not only are they 
^ the matter of temperature at which they will 
maintain oomlrotion and the ready mwrihfllty of their o x y gen 
.supply, but they are further hand! napped by the faoi that thk 
oxygen supply k haphaeard in amount and not easily adjusted 
to meet the varying requirements of the volatile matter. Thk k 
the more readily appreciated when it k remembered that any 
ognb n sti im p rooere o e taking place in the o ou i buiti bn' chamber 
shore the fiil bed xmat oome from openings above the grates, 
since practically no air with free -or unread oxygen can oome 
through the fuel bad. 1 Thk in v ol ves rmmnw im considerations, 
perhaps more mechanical than chemical, such as distribution of 
openings, tire of «nhnoMftn space, eampleteness of wihthig and 
pnreure-cti gases within the furpaoe or (< drafts.'* These ooneM st- 
ations hare a vital bearing, espetially upon a nmnber of topics 
relating- to good dBdmwks in combustion, only a few of which 
ean be referred to here. 

l BMonrc A*, Jaw, We*ara Baa fc g, veL 1% I, pp. 900-083, 
April, IMS, 

•TJ. & Bum of Ure M 1M, 1S1T. 
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Smok8«r-rIt la evident from the preceding dtaooadon that 
pmnV^ reduction depends upon (a) admission of air above the 
fuel bed, (6) thorough mixing, and (a) tho maintananoo of a tom- 
pnature shove tho Ignition paint of tho gum and vnpanlnYulvod> 
Tsflure an the part of any ano of thaeo threa conditions will 
result in where bituminous ooal Is being burned. In 

house-heating appliances only the first condition, (a), can bo 
employed to any preethal degree and tide aspodiBy under tho 
ymitidnna of intermittent firing is for all proetioal purposes, 
substantially looking, pence, as a general statement, it may be 
■»iH that all boon-hooting appliances produce smoko, In tho 



aggregate this is mare than that produood by factories and small 
establishment* combined. 

• In tho oose of large fartaHatinna the conditions under (a) and 
(6) ire the most readily provided through the use of stokers 
which avoid the intermittent conditions which accompany liand 
firing. A steady of fuel results In a uniform discharge 

of volatile oam b ustihlo, which eon bo mot with reason thin accu- 
racy by a definite admistian of air abovotho fud, Varying loads 
and varying draft pr e rear es howuvnr complicate the problozn. 

The most difficult «m<Htiim of all to moot Is that under (o) or 
(b) and (o) nrnnhirmH. Tie Ignition temperature of tho more 
common gases discharged into the combustion ohmnber sudh as 
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m et h a ne , for esampia, Is from OfiO to 760°0. or a moon of 700°C 
(1*800°?,) icd far hydrognn It has an otorage Ignition tampon 
ton of 08m or IfOBfi"?. 1 

The tamper* torn of tho flooo in a water . tube bailer donbtica 



Tm. IT 


Thva I 


i 


never powdl 300*C*, it 8004b< mb pman, 1 Amo 

the man nrnnmon methods far securing the neoAnry tempo 
taxes in than whloh jsoride a longer oambdatbn ahsmb 
Mi may be aeoand horisontajly, is in the tile baffling of 1 

» Done md Oowjjb>, Jwwk Of^nu Boo^to^BB, p. 610, 100#, 

• Bn Mwi tod Etan, Tabln,** T-T-g" 1 *^ (b*m Co. 
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lower Auee, Jig. 10, or by elevating the baflsr above the fuel bed as 
shown In Fig. 17, whore tha extreme ballot between tha fire and 
flues may avenge os much u 16 ft, A good illutratkm Is 
shown In Tig. 18 of the effect of cooling the gases discharged from 
tho fuel bod below the temperature of Ignition before oombutian 
Is oamplete. 



Cttnher Formstkwi. — The wont enemy of efflrienqy In the 
burning of bituminous oosl is any condition of futon or cement*- ■ 
tlon of the eonstitoents of the fuel bed in sash a manner as to 
Impede or block off the pasregn of air and products, of combustion 
through the mare. The organic matter of some cools has a 
tendency to fuse readily or “ oaks/' but this pro p erty, to the 
extent of interfering with the free burning of cools of the 
pilaris type, is not of a serious nature. A much more difficult 
problem reridse in tha tendency of those coals to oUnker. 
CUnkv, in the ordinary score, is the futon of the inorganic or 
ash aonctifaents of the cool Into msrens that interfere with the 
free wore of air. Under normal conditions, from 10 to US per 
cent of tha total combustible Is discharged into the emnbutimi 
ehiunbsr far burning above the fuel bed. Hie formation of 
olinker tends to greatly Increase , tide ratio. Hie shortage of 
oxygen also promotes the formation of oorbon monoxide and 
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lnsreuMi the amount of unburnod material passing out with the 
ash. Moreover, the formation of clinker tanda to produoe man 
rtinkar, far nafloofl that wfll road fly appoar, Goals with a high 
percentage of pyritlo iron Fbfl* have a readily malting oonatitnont 
In that material. Tho molting point of Fefl» la only 1,171*0., and 
even though it deoompom with haat, the rani ting compound, 
Fefi tnalte at about the aamo temperature 1,107*0. The latter 
compound is quite stable so tax aa dlreodation la concerned, and 
If nothing oooun to ahangs ite oompoattian, it may, if present in 
oonsidomble quantity, flow down upon or through tho gratia, 
having a consistency something Uko mnla— . If tho grata 
become cowed with each material, the cooling afloat of the air 
la hat and the grata quickly bum out. 

If, on the other hand, the oonditimna of oombustion are kept 
active ao that all of the sulphur is burnt and the iron oxidUod to 
TfcfOa, the faring point af tho latter la 1,648*0. and that condition 
of complete oxidation, if aeoampUahod, {Tactically 
the pooiUUty of ntinkiw formation. The aoeompUehlng of tide 
state of complete oxidation involve* perhaps more phyrioal 
ocndltions than otherwise. Lump coal or dsnd egg or nut will 
retain open pw— p way and thus promote oxidation. Rliy* 
or screeninga or mixed amallwr rioe will impede the free cocos 
of air. Such ooala in hone beaten wfll be very proHflo of oUnkeii, 
Mart mechanical stokn, aapeaially erf the under-feed type, tend 
to keep the fort maa broken up ao that tha air haa innire In 
locomotives and fort beds of unusual width or depth when ereo- 
rivs draft iaonntial, the oanytng of smaller partida of the low 
faing eanstitaente by meanx of the strong draft currents results 
in "honeycombing 11 of floe iheete or the epaoa between water 
tuba to Hah pn extent that the paoage-waya are aeriourty 
reduced or ant off altogether. He mart obvious remedy ii to 
inareate the air apply to the fort bed or maintain oondjticma 
which will result in more positive axidlrtng conditions whereby 
the waiting ash dull not have an admixture of Iron in the form 
oftfefl, 1 

TudHUty of Ash. — -Much importance is being plaoed at the 
praont time an the fusibility of aih and specifications oovering 

_ | pA ^i j-i Hoo^scob sad s Ww formation hi lnootootiwi Pm, ' 
Istemsih— I By. loti im, ldi. 
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the methods for that determination tune been Adopted 1 There 
may be very Utile relation between the foaflrfttty of the ash as 
made reedy for vnoh a teat and the same ash under admire 
ocmditions of Domination where tmmfflrimt air and a strongly 
rodudng e n vironment ia maintained with a aoal of high pyritio 
oontent. 

The Wetting of CoaL — Prom the previous discussion aa to tho 
cam of a HwVMi formation a suffirisnt reaeon la affardod for the 
prmotioe af wetting down the. coals bofare firing the mine under 
the baQer. The larger nee of earoenlnp with- the maohaniool 
a token now In rogue and tho higher poreentagD at iron pyrites 
in sooh foal of the smaltor tires 1 malms a brief reference to this 
practice of ooal wetting doabaUe. 

The PeBi of ooal when it reaohea the oomb u stiou aono of the 
fuel bed readily *h*"g— to Pafl. In this condition it may be 
deeampoaed by steam. Some of the reactions inrolrod an 
shown by the aquation: 

UPeB + 7H|0 v±FfeOi + SBOi + 7Bt 

V«gjfl nation of same af then conditions ia afforded whan a 
stream of water is turned on a rod hot clinker, the odor of BO« 
being very marked Bimflarij, without being able to astign any 
reason far it, a fireman will maintain that a pool of water retained 
under the gratea and from which the steam rises Into the fuel 
bed wDl promote a batter oambretian af the ooal The natural 
argument would seem to be against the wetting erf coal. The 
latent heat of vaporisation af the added water is lost, and the 
dissociation erf the water into hydrogen and caygon requires as 
muoh heat as is produced by their recombination in the oesn- 
bustion chamber. However, the practical result of an open fire 
bed and a reduction ofjfche tinkering affoot deddedly outweighs 
the theoretical oontidaations against the wetting down of the 
ooal. 

Another contideratum from the flhmdaal standpoint would be 

‘Bduhodw A. O, TmtoOn smtbod far »>"g tbs ftfaHHty of 

Mhi Am. Boa. farTMins Met, 1090. 

* Fovxui and Pia^ Jtonaa of sriphar In ooali Ualv. of HL Big, Ban. 
Bta., ML 111. 

Tasovt and Tuna, Dfaftribotfoa of tha farma of aalphar fa Um ooal 
bad: /nr. led and Bag OhmL, pp. 11-ftS, 1021. 
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as folkrfco: Water vapor psrelng thrombi or earning in contact 
with an inoandaenent fuel bed would farm water gm to a very 
oonddcrableertent. The guee, H*%nd 00, upon recombining 
would regenerate only the heat last hi their formation, but their 
ignition temperatures would permit of a continuation of tho 
oombuetion proeem within the relatively oooler aonas of tho 
■yitem, u for example In the floe ipaoea. The heat thus devd- 
oped would promote the further burning of those hydrocarbons 
which require a high temperature for their oompleto oombustiou, 
each as mareh gas, ete. Under certain droumitaneeB, therefore, 
whore the conditions approximate thoee above outlined, It in 
entirely paodble that the wetting of ooal may result In an actual 
in create of efficiency. 

Othar considerations might be referred to of a mare phydosl 
typo. In the oaee of finely dtvidod material the water bonding 
effect may fend to hold tho partiales in plaoe until the heat 
reaches the poking or oaking stage with the result that has solid 
fuel is drawn through the oambustion chamber into the stack 
without burning. 

' Whether than explanations a d e qua t ely oom the ease or not, 
the fact remains that with the finer sbos of TTHnnk ooals the 
everyday experience In the boiler roan is deddodly In favor of 
the wetting-down process 
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CHAPTER XI 

W^tohig*, WaiTHXKnro, did BroiraurDoua Oohburioh 

Detariaretiocu — Ooal is subject to deterioration from the time 
of breaking out At the mine until need. Time loses, however, 
are relatively email. A sodden drop oooum in the first week or 
two, due no doubt to the Ubomtion of oortaln of the hydro- 
oerbone. Subsequent loses are more largely due to the adsorp- 
tion of oxygen and the formation of humio oompoundi whleh are 
part of the suheequent ooal texture. The out herewith shown, 
Pig. 10, Is typieal and Hhatrates the kind and amount of loaas 
over the apaoe of one year’s storage. 1 

Perhaps even more serious than the los by weathering ie tho 
dialntegratian or whiah tehee plane, whereby the ooal b 

reduoed in alas. It la thus rendered more difficult to maintain a 
proper ctrouiation erf air through tho fuel bed. The matter of 
weathering is disused In detail In BvEati* 88 of the Ifibiola 
Engineering Hx perfan e n t Station. 

Spontaneous Combustion. — AH ooals of the bituminous typo 
are anbjoot to spantaneoua oambustion. A detailed study of 
the oases has been made In ZhdZrifci 40 of the .TTttnnii Engi- 
neering Experiment Station. 1 Briefly summarisd, they are as 
follows: 

1. The oxidation of ooal is oomtinuos over a wide range of 
tfans end {vmrflffnnBj ukd begins with the freshly mined ooal at 
ordinary tamp er aim os. A .number of oxi d a tion process an 
involved which are more or las distinct in oharaoter, some being 
relatively slow and moderate in farm, while others are rapid and 
vigorous in their action. 

i pin u4 Woman, Tho wsBwring of ootli Unhr. of m. Bog. Hip. 
0th, AA88. 

Pm, & W H Effort of storm ops the piuiw tlw of oosli thir. of DL 
Tfcg. Hip. Sta^ JML V7* 

1 Pm B. Wk.sad TTwnmrw, F. W, Hm w wfrt a nno c s nns hn ori ai of 
ami: Ualr. of HL bg. Hip. flfaL, Baft 4A. 
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2. In general, we may mj that for a given oonl a point adeta 
u indicated by the temperature, below which addition li not 
ultimately dertraotive and its oontinnanoo Is dependent upon 
oartain aooon y conditions which, if withdrawn, the oxidation 
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ocmbs. On the other h i nd , above this crltioal paint, which Is 
best indicated by temperaiona, oxidation Is ultimately di" fa nc- 
ttve and la ohanoMnd by tye fact that It docs not depend 
ft* its oontinnanoo upon cdBRUjl conditions, but is self ’propelling 
or autogenous. * i 
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8. The point of autogenous oxidation, while varying for diffo 
ant conditions, may be indicated by temperatures of the mil 
ranging from 300 to 37JFO., depending to a great extant upon the 
flneztm of dlTWbn. Tim phmnwimm of flm or actual Hwdlfng 
doee not oocnr until a muoh hitter temperature la reached, 
usually beyond 8flO°0. 

4 The temperature at whioh autogenous oxidation begins Is 
the mm of numerous temperature components, each ana of which, 
either because of tie own contribution to the total heat quantity 
or beoane of Its function as a booster for ohemioal activities, 
must be looked upon as a dangeroos factor tending direotiy to 
the ultimate remit of active combustion throughout the mess, 
An enumeration of the mare important dements whioh contribute 
towards this end are the following: 

(а) JrtamaJ Somes of HettL — Oxidation, especially of the 
lower or moderate form, is greatly aooelemted and in ovtain 
phases directly dependent upon an increase of temperature. 
What may be termed external or phyrical sources of heat) 
and time presumably avoidable, are suggested by the following: 

1. Contact of the mare with steam pipes, hot walla or floors 
under which are plaood host conduits of any sari 

3. Hie heat of Impact or pro recre doe to the method of unload- 
ing or to the depth of piling. 

8. Climatic or aeaaonal temperature at the timo of storage. 

4. The direct absorption of heat from the sun or from reflecting 
surfaces. 

(б) finanau qf DtoUtan * — Coal in a fine state of division 
presents a very much larger surface and brings a much larger 
quantity of reacting subetanoee in contact with ox ygen than when 
in solid msMOSt Under these oanditiiiiia, with a condensation 
or accumulation of relatively large amounts of ’oxygon immedi- 
ately surrounding or in contact with the particles of carbonaceous 
matter, the droumstanoee are exceedingly favorable far rapid 
oxidation upon the arrival of the mas to a suitable temperature. 
But, more especially does this tinea— of divWan facilitate the 
Initial form of oxidation described under (o) below. 

(c) Batty OmdbdbU Compcmdt^An Initial stage of oxi- 
dation exists in bituminous coals which docs not result in the for- 
mation of carbon oridu. There are preeont in ooala of this type 
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nnituratod compounds which have a marked avidity for oxygen 
at ordinary temperature*, the prodndta being humio add or 
other fixed oanetituenta of the coal texture. Goals vary widely 
In this matter and It has been proposed by some to regard this 
property ae an Index of the Uabfiity to spontaneous oombustinn* 
It la, however, very largely dependent upon the fauehnen of tho 
coal and upon the flnenea of division (no, undor (6) above). 
Tbfl oollddal character of coal gives it peculiar properties ai an 
adnrptlve medium, eapedally far oxygen* The adsarptivo 
pnMHB taH generates a null Increment of heat and the greater 
the adsorption, aa in oaeo of fine ooel, the greater the amount of 
euo^hoal Mayeovar the adsorption of oxygen la g reatl y aooolor- 
atod aa the temperature rises, flo that the difficulty la eumulativo. 
One peculiarity of the prooav is that the oxyg e n this adeorbod 
is so tenaciously held by the oaal that with tho riso in tempomturo 
It is not (tieohargod aa oxygen, but in the main la retained until 
actual ahsmiael union is brought about resulting in the formation 
of HaO and CO* with the natural aooompanimant of heat (bos 
also dbcusrion under (/)). 

(d) Irm PftUm, — Tfiie pre s e nce of sulphur in the form of Iran 
pyrite s Is a poritive souroe of heat due to the reaotfcut b et we en 
sulphur and o xy gen * Here again rapidity of oxidation Is directly 
dependent upon finmnai of division* Since ooah£of the Mld- 
Oontinertal field especially have a much higher earthy or aih 
oontent in the fizte material, and since Iron pyrites Is a large 
component of this substenoo, It foQowv that the preeenoe of dust 
or duff in oil ooala of the Illinois type is a positive souroe of 
danger. Since ooels of the Illinois or Mid-Continental field 
have in the larger number of oases iron pyrites avenging over 5 
per cent or ns sulphur above 2JJ par sent, the beet increment from 
the oxidatio n of only one-fifth of this material is sufficient to raise 
tfaft temperature of the mw approximately 70*, areumlng that 
there Is no Iomb by radiation. Under usual nmirtttlrm^ gad 
aqwrially odnddartng the greatly aooeieHted rate of nhrsnlnal 
activity eooam ponying a rise of temperature, this nrHdmdnw may 
proceed with such rapidity that the heating up d the miss 'will 
be but little effected by the has of heat due to radiation, except 
In relatively shallow pflae. Goals of low sulphtir oontent or sash 
■a do hot have sulphur grettiy In txcw uf^say lvfi per oent are 
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popularly supposed to be Immnnn from hoatingi but no mothod of 
or hand-ptoking fit tho mine dimiuto all of tbo 
Iran pyrites, Lumps of coal, to ill outward appoarauoo of good 
t uilur o, may have nodules or dotaohad bands of hen pyrites. 
Then boooxno centers of activity and with thn addition of mafaturo 
such ooal will have many eeoitarod spots whoro hosting begins. 
If fine ooal la mixed In with tho ooomo, the difficulty la aooontu- 
otod. Doubtlaaa a oomploto separation of fine and lump material 
In auoh cbswi would Ioann the danger. 

(•) Moiebres— Moisture, while amntial to pyritio oxidation, 
ie given aoparate mention bocau» its lmportanoo la apt to bo 
underestimated. Any ooal with pyritle- c on d iti ons as above 
mentioned will bo fiuxDttated in that notion by mcdsfcuro. It la 
to be zmtod in thlo connection that tho normal Water content or 
vein TTm Ufc flun of oonli in thie oentral region ie mroly bolow 
10 per oent and rangaa usually from IS por oont to 115 por emit. 
Tho pre s en ce of aueh water must bo homo In mind in oonriflaring 
the llkollhood ofj chemical nativity on tho port of tho pyritoa 
prossnl 

(f) The OaidaHon qf Carbon and Hydrogen , — A third stage of 
oxidation of tho aarbonaoooua material oodets by roaaon of tho 
property of certain of the hydroaexban compounds of eoal to 
oxldiso with tho tarnation of CO* end H*0 at tamparaiuroa in 
axoas of 130 to 140°C. Though this typo of oxidation dooa nob 
toko plaoo appreciably at ordinary temperatures, it must bo 
looked upon as an exooocHnfcly dangoroua stage in tho proses 
of oxidation, owing to tho vary much higher quantity of heat 
whieh is dbehsrgod by tho «HH»Mnn of oorbon and hydrogen; so 
that the temperature of nuUig n n o s action, though ordinarily 
occurring at a higher point by 100* or more, may bo quickly 
attained as a result of this farm of oxidation. Any Initial hoot 
Increments, therefore, whieh threaten to bring the ahamioal 
ootivitiee along to the point whom tbo orfdatlim pro cess invade 
the earbonaoooxn material in this minnar must bo looked upon 
as dangerous. For example, any of the initial or contri but o r y 
pro cess whieh result in raising tho temperature of the mass fiO* 
above the ordinary temperature would, in all probability, have 
enough material of the sort involved In euoh action to continue 
the activity until anothor 60* had been added, whieh would 
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thereby attain to the condition wherein thin third stage of oxida- 
tion would begin, 

it) Avtognou* OaidaXo** — The fourth stage of nxiriation may 
bo indicated as ooouning it temperature! abovo 800 to 275*C. and 
dffion frtsn the prerlom stages in that tho action la antogonoue 
and not dependent upon other aoureeB of beet to heap up tbo 
reacting temperature. Activity in this stage is further Moder- 
ated by the fact that above 800* the dooompodtion of the ooal 
begins which ie exothermic In character, thereby contributing 
somewhat to a further increase In temperature. The Ignition 
temper at ure la readied at a point still further along, uspaQy In 
bums of 800 to 400*0. 

Stonge MeChoda. — The above formulation of various 
stages and types of onri d atio n dearly indicates the principles 
which mud be obeerved In any attempt at the pr e ve nti on of 
spontaneous eambnrtlon. The fallowing enumeration, there- 
fore, of preventive or precautionary measures la to bo considered 
as suggestive rather than com piste in character: 

M — The avoidance of external soureoe of beat which may In 
any way co nt ribu te toward increasing the temperature of the 
iium Is a flief sml prime cmllsl 

Sec ond .— There must be an cHminatinn of ooal durt or Andy 
divided material. This will reduce to a mlnlmnm tho Initial 
oxi da tio n proceana of both the carbonaceous matter and the 
iron pyritae, Then lower forms of oxidation are to be InpbpH 
upon as boosters, without which it would be impoeslble for the 
more Hvdy and deetauctive activitiee to become operative. 

Third, — Dryna* in storage and a continuation of the dry 
■tote, together with an absence of finely divided material, would 
practically eliminate the oxidation of the iron pyrites. The 
d renchin g down with water of piles, where the sulphur 

content to high sndTmifarmly distributed, aoeentuatee tbs d flfi* 
eutty. Where pyritio activity to localised in spots or to so «w*31 
to amount as to reach a postible axhaustion, the drenching with 
water may oheek the heating or prolong the action so that oxi- 
dation of the carbonaceous matter does not get under way to a 
■Edom extent. In such oases, however, than to no ultimata 
mfety swept in the removal of the heated acmes, 

JWta.— The rehmarging of 0 Ml 4 .it to very evident, wfll dlml- 
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o& the elements whioh oontribnte towards tho hdtijd 
Ai to ita bdosbiil pmctlimbfllty it hod bat be 

#&Zlv* e,d * M * 0 * 1 “P 8ri * n «- 

^7 „ —The s to rin g of ooil shook! bo in ri«H lamps only. 

nix iflr 0p tuXB insofar of ooano fat my given tin than in a 
of ■***■• Booh manes provide a relatively free atroo- 

™>rv - a). .I«.U n I_ 1 ^_, 1 , . . . 


0 f *1* whereby the email initial inqramante of heat an 
j cj &• Howeva, if epoti ooour in the mare where flue 
^® Bn thimped or foamed, tide eame free dreolatinn 
_ ^nJco* each epoti wpodiJly dangerous. 

_ Goal may bo stored in tho finely divided condition t 
it is all fine material with no lamps to open up air 
provided farther that the material aa stored is 
_ iiiformly eo as to wrnhirin thu nt >1*. 

, ^ Xm no <lancsrota to store fine ooal with wrndHJrma 

aooe ® slii raoh ss lamps at ptreage-wayi held 
\yy p oefa, Bupparte ar structural featurae of retaining walls, 

^ 1% to atonhimp ooal with oeeatikmal sanes when fine material 
1 a ^Q\vod to form or where an ooeasional load of mined fine and 
0fcuf? is dropped, or where ooene material, property steed, 

* tvgaln et or in eon fact with fine material in storege. 

lino of oontaet will be a oertain sou re e of fire . 1 

1 ®^q fclio Ship of hfarmtmoe goal, by H. H. Bran, U*fy. of HI ftw, 
r *P a 8tn.| Ii lBia Aho, tho EffcBt of rtaraji upon iha MMrtie 

■ 00 **1 J by B. ,W. Paw, tWv. of JSL Ba* ftp. JhA IT. 
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General Statement — TJndar the pMwnd dlTUan of ■«Hii 
fuels is inrifyUH pahs and other forms of artificially prepared 
material, such as charcoal, briquettes, etc. Goto ooeaptea by 
far tha bugatt plane in the bat of manufactured fuels. The 
jstzly production approximates 52,000,000 tons. Of this a ! 
small portion is oaed In damestin appliances. Tor saah purposes 
the low abotent of ml at lie matter, not over 9 par cent, requires 
same oare in the matter of drift refutation, low fine are not as . 
easily managed aa when more active are maintained. 

As one element in the attempt to overcome tide difficulty “low 
temperature” oarbanlmtion is now reodving much' attention. 

Hie onto product of such treatment tiinnld ham an average of 
10 or 12 per cent volatile, though tide constituent oon probably L 
he varied b et we en 0 and 15 per oent. Thie would greatly » 
simplify the matter of oombustion control in household m \ 
It is not intended hse to go into a dotaOed^leoimdan of the j 
knr temperature process The topic should not be paid, * 
however, withont brief reference. U ever such a proas booomce 


practicable, it will doubt! cm profoundly affect the entire ooke, 
m and tar industries. At the present time no mail pro nett has 
been developed to the paint erf a oommefelal locoes in this, 
county. Hie experimental work being carried an for many 
years at the Untverrity of Muds baa had as a fundamental 
object the development of a theory of oarbonistion applicable 
to high-wjiau oosls of the minds type. Hie p rese n t wMy 
irf this and same of the men advanced developments an tost 
nfsred to in current technical literature. 1 

Metallurgies! Coke. — By far the us of is in^the 
bleat fumaee for’tha red u ction of iron’ori, From*l,p00 to* 1^00 
lb. or riJgfatiy les than 1 ton atcoto is lftqqtrid for the production 


‘^reptoma oa fash, /tor. Iad^ud tog. 
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of 1 ton of pig bon. Approximately 40,000,000 tana of ooke oro 
uaed annually in tbe United States In the manufacture of pig Iron. 
Incidentally, ft ahould bo. noted that after doing the work of 
reduction on the iron ore, the dJeoharged goeea hare a positive 
value u a fuel, henae the bloat fnrnaoe may be looked upon as an 
appllanee for the manufacture of prodnoer gae an an enarmom 
rale. Approximately fi tana of gu pool out af the bloat fnrnaoo 
far each ton of pig iron produced, and from 26 to 80 par oent 
af thii h oarbon monoxide. It has boon estimated 1 that a not 
potential value of approximately 860 hp. might be available for 
every ton of iron produced per hour. At the moderate estimate 
of 2,000 tons of iron per hour in this country there would be 
represented over 1,600,000 hp, available per hour as a byproduct 
of the blast furnaces alone. Hie largest power plant in the 
worfd operating on blast-fnmaoo gu led directly after scrubbing 
to hlgb-oom piu etion engines, k located at Gory, Ind., where tho 
gu from eight blast furnaces supplies 80 gu engines developing 
142,876 hp. per hour. In 1018 the total installations of bloat 
furnaces in the United States r ep rese nte d a potential gantmtion 
of 880,290 hp. ps hour, or over 11,000,000,000 hp. per yoar. 

BrnpHtig and Analytic — Methods far the um fling and 
analysis of ■ ooke are substantially the some os for oooL 0so 
the reports of the special oommittee of the American Society 
for Tasting Materials.* One or two peculiarities of the mate- 
rial should be especially noted by the chemist 

PtdwrMng of Coke. — In the preparation of ooke far analytic 
fine grinding is not so easily accomplished os in the oaae of raw 
octal. Grinding apparatus using iron surfaces may give up ap- 
preciable amounts of metalUe iron to the sample. Hie final 
reduction is best made in an agate mortar. 

Volatile Matter, — Whoa ooke, especially In the finely divided 
state, is cooled down from a red heat, it has marked absorption 
propertia, especially for ox y gen . Upon re-beating, this oxygen 
onrihlne s with the carbon or abeorbed hydr o gen to an appreciable 
extent and Is.givsn off u HiO and OO* iha augmenting the. 
apparent amount of volatile matter. Vat this reason repeated 


1 Fhrr«t A rt "ClmJaBl Jhgte«rlDt w 4th«L, p. 907. 

1 ftammlM— Ecgorta, Ttatatirv Btudaidsi Pt so, 19th Aaenal Martin* 
Am. Boa lor T w tiV g Mat, part I, p. SH, 1610 . 
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volatile matter determinations on the ■mn inn pin seem to give 
an indefinite amount of volatile matter. 

Bnlphar. — Sulphur In oaks, Uka oxygon and hydrogen and 
doubtless alao nitrogen, la held In a surface condensation con- 
dition, and not aa a sulphide of carbon, In the ordinary mmh, 
The original organic sulphur compounds have been docompoeed, 
also the hxxganio sulphur In the form of iron pyrites has dis- 
charged practically all of Its sulphur. A email amount only may 
remain as pyrrhotite or magnetic sulphide of Iron. The sulphur 
tins dtachargcd, mainly in the form of H*B readily undergoes 
surface abecaptiim or adampthm by the ooka at low-rod heat, and 
in this form fa stable even at 1,000*0. From this form, hmroror 
it fa cully discharged under oxidising and alkaline conditions 
dither by fusion in sodium peroddc or by the usual Bsohka 
method, for determination as 80* 


CHAPTER XIII 
Wood 

Introduction* — Under certain conditions and in certain regions 
wood and wood waste have a foci Talas which may attain to 
technical importance. One or two points of interest should be 
dimMBsd in this connection, 

Ho attempt baa been made to apply the asms deaariptta 
terms to wood as a re applied to ooaL For example, "dry" 
wood has no spedflo meaning, snob as "moisture- free" or 
"ortm-dry” material. It probably would be understood to 
mean 4m ply well asaaoned wood as opposed to that which wu 


Heat Value#. — Another uncertainty oanoerne the heat Tains 
which should be assigned to wood. The Tallies found in technical 
literature an either totally misleading or of uncertain rahie. 
He eariJert Tilnaa ware dcrired by Berthter 1 and were baaed on 
the so-called Welter law which held that the union of one and 
the aame quantity of oxygen with any of the elements gars the 
same amount of heat. 1 

Wlnlder followed the same method, but made some reference 
to the molstore content of the material, which was supposed to be 
about 0 per oeni. He Taluee obtained by both of these inyseti- 
gators are occasionally repeated in the literature. 1 Hey are 
ertirely at fault, and should be credited with only historical value, 

Romford in 1818 was the first to transmit the heat of wood as 
it burned to a measured quantity of water. He wood was dried 
in a whsflwg dish and, when se emingly dry, a piece of the weighed 
material was held by tongs under the open end of a tube through 
which the products of co mbu s tion were made to peas. The tube 
was surrounded by water and when the temperature had reached 
a certain point the fire was put out and the weight of the unhuraed 

1 Juneau, "Zctufaueh dor (ken. Tmk. dsr Austin, 11 rid. 1, part t, p. 
U4, 10OA. 

. 1 Fools, "Hm GaMflo Furw of Juti,” p. 10, 1808. 

? > Opgf and Tbc— , "flismtiil Tbtiudnsy* roL 1, p. 860. 
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wood determined. 1 BohOdlar and Peterson in 1880 1 dried their 
nmples to oanetent weight, but band their hoot Tallies on tho 
weight of oxygen need in burning 1 kg. af materiel, tins inverting 
to the same principle as that used by Bertider. 

QottUob in 1888" nd wood which had been driod to aonriiwt 
weight at 116°0. B3s apparatus wee of the oonatant pionu re 
type wherrin £he wood wee burned in a current of o xy ge n and 
the heat imparted to a known quantity of watar. Hie results 
therefore were the moat trustworthy up to that timo and do not 
seem to have been sapexveded by other values elnoo. 

A — ■ of tarts at the University of Illinois oarriod out in 
1018* mado tbo of Amerioan woods and had two objoots In view 
(a) fro determine tho p ra c tic a bilit y of drying wood to t he mofaturo- 
free state without alteration or las of combustible, and (b) to 
make careful hoot detendnaticme by me of modern apparatus 
A ealarimeter af oonrtant volume with platinum lined bomb of 
the Mahler type and adiabatic Insulation woe employed. A 
table of Tabes is given showing the actual moisture oo nlont 
far Well, seasoned wood of nveml varieties,. and the hoot 
values naienlated tp both the "Bueodved" and the “dry 11 or 
“mokture/ree' 1 basis. 

- Par comparison, the best values in the literature at the promt 
time, than of Gottlieb, aro given in so for os there ore oorre- 
■pondlDg varieties af woods In the two aeries of results. 


Tajtu X — Hiat Vam ns rca Amsxioam Woods 


Wood 

llaWuxv 

1 hr. si 
100*0, 

BAa. M oa> 
narirad u 

"dry borii” 

QotiUab 
f oven dry" 

Dlllar- 

Pina 

8.88 

8,000 

8,880 

0,108 

+817 

Otk 

B.Bfl 

' 7,841 

8,000 

8,810 

—940 

HUkory..... 

10.86 

7,078 

0,448 



Gharry 

8. 80 

7,800 

8,088 



Btreh 

10.18 

7,007 

8,406 

8,0B0 

+U8 

Poplar 

10.00 

7.T10 

8,040 




1 AMimtfr QmmU, to, 17, p. 180, . 

* Jwr.Pnt *4 Qhetris, veL 8B, p. 419, 1888, 


«"(ktalto Ytise of 
01 N. XUneeow, l^lA 
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Ftnounm, Dirillaus ajtd Aixxjuol 

Use. — The upe of petroleum as a fuel has greatly increased in 
recent yean. iA number. af faoton outer into the eeae. The 
development of the great oil fields of Tens, California and 
Mexico brought in oDs of the heavier type with a low peraentago 
of the tighter distfllatcc. In a region when other fade were 
Inching theeo heavier ails went largely into Servian far direct 
burning as fuoL With the pmotiae of "topping" and tho 
extension of counting prooews to those and the tighter ofle a 
reeldual by-product known as "fuel ofl” came Into extensive use. 

Output — Out of a total annual output of 850,000,000 bbL in 
the United Staton in 1618 about 180,000,000 bbL were used as 
fuel and gaa ofl. Of this approximately 40,000,000 bbL wen 
need for diroat burning In locomotives, thereby nplaaing sub- 
stantially 10,000,000 terns of ooal The Navy used about 
6,000,000 bbL One hundred mflHon bands of gasoline wen 
made and 60,000,000 bbL of lubricants were produood, 

The chief faoton to be considered by the chemist an the 
amount of water pr es en t, the sulphur content the heat value per 
pound, and a fractional, distillation showing the amount of 
dfstffliite ovei at loest three ranges of temperature. 

Water mty vary in amount from a trace up to 00 per cent. 
It is determined by moans of the centrifugal, diluting the sample 
1:1 with gaabtine, or by the usual fractional distfllstoi methods. 

Beat Values* — For heat determination an axygen-bambcolo- 
rimeter has the advantage that a larger amount, approximately 1 
gram, may be, taken for the tact. Thirty to forty atmoephezee 
should be used and the bomb waahingr are especially adapted 
for deriving the factor for sulphur. 

With the peroxide bo mb tho amount of ofl is practically 
United to 0.8 or 0 Jt gram, and tho sulphur in the solution resulting 
from the furion is not eaefly determined by photometric methods 
if lose than 0.1 par oant 

80 
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A method of nalmilaHnn is In vogue bleed upon apedflo 
gravities, u fallow*: 1 

B.tiL - 18,560 + 40 CBanmd dogroee — 10) 

The depletion of the petroleum supplies of the world and the 
gnat In the nee of internal oombuetion angina puts 

op to the nhemfat many vital prohlema In the matter of develop- 
1 14 substitutes far petroleum and gaaollno. The internal oam- 
bvtian engine whether of the gu, gaeotine, or Dteeel typo haa 
developed a demand far fuels af the mobile type and new and 
aogmentod seppliaa of noh fuel must be oontinually forth- 
. awning . Heavy-ail reddues of saoh a oonristancy as to be saml- 
solids at ndoeed temperatures an, by suitablo meohanloal 
appliances, brought Into the field d liquid fuel*. Bran tor, at 
onetime eonetdered hnpostibln of sueh application, la now a very 
practical aoume of heat both in oonnmrtion with steel furnaea 
and far steam generation. 

Diitfflatea— As already noted the gasoline output of the 
United States at the present time la approximately 100,000/100 
bbh Consumption la ingraaidng more rapidly than production. 
In ooneaqueiiee new material of low vaporlntion temperature 
fa being sought to augment the fuel supply of this type. 
For this purpose hensmn and alcohol an the most promising. 
QstingJkeod gaanttne obtained by stripping natural gaa of Its 
onTMisneahle products la also a very oonaidamhln souroe of supply. 
By mixing with heavier o0s of the kerosene type and also Kane 
of the nsgnlsr gssnUns fgaetionSj 1 hlmiWt gnuHnA la iwadfliy hlo h 
enterp wry largely into the motoz^fuel supply of the praant 
day. The method of compounding suggests the re»U»od for 
analytic which has been developed by the U. B. Bureau of 
Minna. 1 Compounded or synthetic gnaoHrmn ora variable in 
composition. Ben sene recov er ed from ooke oven gas has tho 
dlrndvantags that it freesea at 5VC. It however In all 
proporti on s with either gasoline or alcohol, which suggest tho 
natural and oommonly anploysd methods of oompoundlng. 

. The range of material involved in vblatfle liquid fuel soppUa 
fa tin* seen to be a very wide one, with ooneequant variation in 

> ftww i W >Dd Iwwi J«w. 4m. Oban. Boa, voL 80, p. 1096, 

'Dm, A W,, U. S. Bdnsa of Mina* Tmk Pmpr IN, 1917. 
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heat value. It k evident that the determination of oolorffle 
values becomes an Important feature. - About the only difficulty 
to be enooxmtarad results from the volatility of acme of tho 
material to be worked with. 

In determining the oalorifle valuea of highly volatile Tibetan nee 
some apodal prooodure must be observed for avoiding lore in 
weighing out the remple or in preparing the charge. 

A container for the volatile liquid may be made in the form of a 
very thln-waDod glare bulb of about 1 am. diameter and having a 
■hart oapHlary stem of 9 or 8 cm. Huso are readily prepared by 
the analyst from eaft*gkre tubing which has been drawn out 
Into a capillary 1 or 8 nun. in diameter. By softening the end 
of each a oapfflary In the flame, ft may be blown into a mall bulb 
of suitable rise. Booh a bulb may be filled by wanning the 
weighed bulb and iminwlng the capillary in the liquid to be 
analysed. By contraction of the air a small amount at the 
liquid k drawn into the bulb, and by repeating the p r ooare the 
bulb may be filled to any deabed extent. It k than seeled and 
weighed. Bulbs of thk sort should be used with atth* the 
oxygen bomb or sodium peroxide calorimeter. With heavier or 
rilfthtly volatile ofle they on not nnonry. Whan mod in the 
oxygen bomb the bulb with the volatile liquid should be planed 
In the bottom of a 10 oo. platinum or UUom arudbls and the fun 
wire wrapped two ar three times around the oapfll&ry stem. Hie 
heat of the curr en t will be sufficient to rupture tire bulb and, 
being dkoharged at the bottom of the erodbla, the vapors must 
rise and flow over the edge In the process of oambujtion. In the 
ease of the sodium peroxide bomb, the glass bulb k planed so 
that it rests on the bottom of the fusion cup end k oovered com- 
pletely by the oheminsl. Just before dosing the trap, the bulb k 
broken by meane of a glare rod p r ereed downward in such a 
TwpgfflSF as to ruptu re the bulb. The oover k than at once 
fastened In position and the oontents shaken thoroughly far 
i mlft ipnw wiMnj. In thk manner highly volatile liquids may be 
handled in either type of Instrument. 

Alcohol — Volatile foals erf tbs hydrocarbon type may increase 
in oost to a paint where alcohol may enter the field as a competi- 
tor. It k even now receiving oonri datable attention because of 
qertaln inherent pr operties whan used in internal eo m buetion 

[ . . 
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mtfnim. - In Tw Iti nT M with hydrocarbons It promotes a mare 
oambastion and baa the added advantage that it earrias 
Into the omnbusfcLcm dumber a oertaln ratio of water vapor 
which Horw as a protective medlmn for the hydrocarbons, 
rednqlnc ***** tendency toward deoompodtion or pranking and 
the oanmqoBnt deposition af aarban. While aloohol has no aah 
It has a large percentage (348) of oomhlnfld oxyge n which 
approximately repreeenti the Inert material. It was formerly 
denatured by adding 0.5 per osnt of benrine and 10 per cent of 
methyl (wood) almhel to make it poisonous and not eaaQy 
purified by re-dletflUng. Thlx fa known oa formula No. 1 (now 
ewpended). Methyl aloohol la, at tho preaent time praotloally 
all absorbed In the manufacture of formaldehyde, extensively 
wed ex an anti-smut me gnu t In the treatment of grain. 

The TJ. 0. Bureau of Internal Bevenuo has published 1 four 
weiiptota and 88 apodal formulas. Hie former are allowable 
far any uae desired, while the latter are usable only under apeelal 
regnlatlaoa far specific purposes. Hie oamplfltely denaturing 
ftwmnimM use a gnaJl amount of methyl aloohol, not sroeedfag 
3 per oenti and pyridine bases 1 per osnt. Other variations 
prescribe baud, .§ per osnt, benudne (ksraeene), 0.8 per cent, 
ate. 

Fran the fud standpoint, formula No. 8 la the moat i ntere sting, 
as follows: 


Hylitlaohd 100 psrts by vntamw 

Mhjlathw I...... 6 parts by -refans 

S parts by vdnms 
1 part by vohnno 


Fyridtaa 

1 Tt epilation fl, p. 87. 
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Types. — The gu industry was originally developed u a 
lighting proposition. With the advent of electricity it began to 
taka Booand place In that Hold. Today the industry la in a 
fannaitinn stage with the logic of events dearly pointing to the 
ultimate utiHiatian of gas substantially as a fad. The advent 
of natural gee has doubtless been a factor also in the ahange, 
at least by wayof illustration as to the advantages of fuel in tho 
gaaeoui farm. The uee of natural gas has tnnrnaand in the last 
80 yuan from an annual production of lea than 60,000,000,000 
to avur 900,000,000,000 on. ft The total yield af gas from 
all souroei In 1017 was approximately, 1 ,460,000,000,000 on ft. 
and of this 323,000,000,000 or 10 per oant wen supplied 
to dmnnetio men. Of this probably not over 90 per oent or 
8 per oent of the total wee need for lighting purposes. Other 
f acton also an tar Into the ease. Over 70 per oent of the gas 
■applied to oitioe at the proesnt time is so colled water-gas which, 
became af aondlepowar requirumects, mast be c arb ure te d with 
gas oil With an avenge of 8 gal of such oil used for 1,000 ou. 
ft of gu made, the manufacturing oost per thousand feet whh 
oil at 10 cents a gallon approaches very nsariy to the selling price, 
For those and attending reasons the public Is gradually realising 
that osndtopowor and expensive all far carbureting go together, 
and that a gas with less luminosity asn be made at a much lower 
prioe. The uncertain and diminishing supply of gu all adds to 
the argument far abandoning the oamfle power standard so that a 
decided trend is evident toward the heat unit basil and a towering 
of the re quirem ent In that particular from 000 BAu. par oublq 
foot, whlah was formerly a very ncariy universal standard. The 
ultimate standard when settled upon will doubtiea bear sums 
relation to the number of beat units osrried by the unoerbureted 
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With the eshanetiom of our natural gas suppUea and the modifl- 
oations in the standard requirementa far house vm now taking 
plies, it is evident that the production of the futon wfll ootne In 
the main from installations af the by-product otsi typo and from 
generaton of the water gu typo, usfrg either ooka or raw ooaL 
Problems of manufacture and purification, etandarda of quality, 
and methoda of analytic oannot be elaborated In thk connection. 
Brief reference ihoold be made however to methods for detennin- 
ing heating values. 

Heating Value of Gsjl— C alorimeters for determining the 
heating value of pm are of the Intermittent and of the con- 
tinuum flow type. 

Hampel 1 makes on of an apparatus which btme a volume 
of gu in an a tar i n a phcr e of oxygen, the heat bring Imparted to a 
known amount of water. By repeating the prooau using hydro- 
gen under the wna wnmtt ti nna m to volume amount of 

water heated, and rednring the temperature readings to the 
wme temperature end premie, the value of the unknown gas is 
found by a direct ratio, using an aooepted value for hy drog en at 
standard oa nditi o n s of temperature and prendre. 

1 Htara/a "Gaa Analyte," Bd ad., p, 4BT. 
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Tte author 1 mods uao of two oaluHmMaa, Fig. 30, In parallel 
burning oquirvlont ▼bhmiflB BlmuhaQAuniy of hydrafon and 
foa Tmirni i y ^ Jim unAip idflnti oal oonditioni as to tsnporatim 



Vrtk * 0 . — Rut ■Dfraoatianaaa rn» mlartmmim. 


and pwcw . Campemationa for humidity of tha air and 
baroolrtrio pnoozo ware ihenfan petf-adjusting, and rinoo 
oquivalont yolomes won burned tho amount wu not ntmtffd , 
banco a motor wua mmaoeaaiy. 

» /Mr. Iod. wd Kn*. Ombl to). 8, p. 887, 1Q1Q. 

X 
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In thfi txiginml tasting out of this Instrument in oompariaon 
with one of tiie Junker type a constant difference wu obearod 
whsein the letter gave lower results of from 8 to 8 BXjl per 
cubic foot Tbs nggestion was made et the tlmn 1 that the 
dtsarapansy wu due to variations in the humidity of the air and 
the foot that the Junker instrument did not nmkB note of ft. 
TUs po^hQlty Wu Torlfled by the Committeo on Calorimetry 
a f the Amwrltmn Qts Institute. 1 

Tallowing the neammendAtians in that report, it has beoaxna 
the practise to oorraot far humidity as well as borometrio pros- 
me indtampemture. 

Although instrumenti of the non-oontinnoui type have 
certain advantage^ such u the ability to operate an relatively 
■nail ampler they lack the advantage of oontinuoxa flow and 
the o pp ortunity of taking readings at any time. Indeed the 
trend of d ev e l opm ent In the mrittfr of dete rmining the hrwting 
value of aambuftfhh gases must inevitably bo toward an Instru- 
ment which will make oontinnone record of the quality of the 
output. 

Ilow Cakdmstn. — The aontinoous flow oalorimoter most 
oommonly in me is of the Junker type. 1 

The Instrument is shown in Tig. 81.* 

The gss is conducted through a wet meter, then preferably 
through a pnmre equaliser, after which, ft goes to a Bunsen 
burner. The produsts of-oambustion give up their hoot to 
water under oast control as to temperature and maa. There 
are spoelfls to be mads inrinrilnfl temperature oar* 

zeotians far both the barometer mi the meter readings, for 
vsHstinns in temperature between the inlet water mH thyi of the 
mam, as well safer the humidity of the air. 

from prepared tables (pee Appendix, Table IV) are found the 
onnontim fasten to be applied to the meter readings to give 
equivilent volumes at (KTF. and 80 in. of m e rcu r y. After 
applying n a Uhratiod eozreotians ter inlet and outlet water 
temperature r e a din gs the true rise in temperature of the water 

1 Zsa eft, 

1 Rpmi rf tho tioontens Oriochnatry tar tfao Smoth Annual fttat- 
tag, uni. * 

1 Jam, Htrao, Jtw.fw OaM, vpL 16, p. 81, 1B0& 
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la' obtained whioh, with the nduotlan af pi rolame and weight 
of the water, gives tho oaaontlal faoton for lubitltatliig In tho 
formula: 

Has (V — 0 

Boat valuo - Vofiiib-fihiiHilirt 


If the nuuB b axprenod In pounds, | In dogreee Fahrenheit, and 
V in oubie feet, the result will be B.t,u/e per cmble foot 



Fro. 11, Jimhaf null— ■ flow wIbH —Im , 


A fsfltor for mdlatlnn ahongoa Is also applied where there Is & 
dlfiannoa between the Inlet water and that of the room. This 
factor may be found In Table XIL Hie oooeotlcm la added If 
thaftnlet water la warmer than the air of the room and automated, 
If eolder. 

j 
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Tam XU 1 — OanaoBon me Dnnnra ibvui Iiwtibi 
Tamimi mmd ^Kminn 

TJtad with thfl Jantar aalorimofar 


Bam tanqmtora, 
thm— Tkhnahtit 

Oomstiana in B.to. par 17 . 

Far ahalatinc 
total hath* nine 

Par aaleuktlDK 
not beating nba 

00 

0.0 

0.4 

ob 

0.0 

0.4 

TO 

0.7 

0.4 

00 

0 .B 

0.4 

00 

0.0 

0.0 

100 

1.0 

0.0 


High and Low Heat Yah taa for Comb ustible Gases. — For 
parpens d aUHr” 11 — of o u tput and control, it ia generally > 
oanaadad that the high or total heating value is the more logical 
tiandard of reference. However, far many tanhnlonl appll- 
oapoaUHyin the ure of gu far Internal oombrntirin 
anginal whom all of tha products of oombnstion an dottrand 
above 100*0., the nat or low beat values an tha moat algniflnant , 

In tha Junks type of instrument the water of oo nd a n aat to n 
from tha combustion of tha gu ia measured. The number of 
eoUo o anti mafan per euUa foot multiplied by 0,000 will give | 
tha heat in oalariaa whlah would be required to vaporise the water 
nnnrinTwnri The amount of (wndenaad water therefore In eoUa 
oentfanetezs, mnTtiphad by 8.008 X 0.000 will give the amount 
of heat in B.tu. to be ubtrasted from tho total heat to give the 
net heat vitae; j 

A mm ran ta tnd Sulphury — Ordinarily a limit of 8 graina of am- 
monia pm 100 «l ft. of gaa ia proeerttxxL Ihe need for any 
■pedal ■ttimtinn to this impurity does not (/tan occur, however, l 
tinea the smmnnia ia entity ranoved and haa a voice whlah ; 

metal its recovery profitable. Ita pres en ce, moreover, Is in- < 

Jurtam to pa meter*. Bulphnr ooeuza in nuumfaotured gu j 
mainly aa hydrupn sulphide, H & Oar ban and hydrocarbon 
compounds af-talphnr are usually pr ea on t, but in mn.eh 
a mount In teal pa, ordinarily about U of- than compounds j 
are utm ttalphida and tha nfcaifadw WTf mH irm»- 1 

1 Mrom U. B> Dumb of Btaadanta Chfihr 4& J 
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eoptana. It la not easy to prewribo a limit far sulphur, owing to 
the wide variations both in operating conditions and in the 
type of materials which moat be need In gas manufacture. The 
Baraaa of Standards 1 recommends a Hmft of 80 grains of total 
sulphur per au. ft. of gas. Whatever the form in whioh sulphur 
oeeun, in the pmeeaa of oambuatimi H burns to BOi and BO* 
The presonae of more than s tmoo af H|S shows aardfigngs in 
the nuumfsotazlzig prooes a 

Apparatus for the Analyiia of Fuel Gases. — To most the oan> 
ditiona of analytic for the oanstitoents found in foal gases, it Is of 
gnat advantage to have ■ unbind as pormanent equipment In 
the laboratory s unit outfit capable of detarmiolng all the oon- 
Btitofiats usually found hi a foal gas. Investigational studies, 
especially, have been materially advanced os a result of greatly 
improved appantai far carrying out tho analysis of oombaatihle 
gams, aepecdally those of the typo dovlaod by Ool. Q. A. Burrell 1 
Bar laboratory nos whore portability is not on agential feature, 
imh an In st a ll a tion o rnnHirfn g all of the fe a turee for parrying out 
the p re sages will be found oxeoedingly eonvenient and aotio* 
factory. The development of this type of Instrument has 
gpatiy shnpUfied the proeegos Involved. Tor oozrtrol work and 
too usual technical analytic of gases, the apparatus as used In the 
author's laboratory la shown In Pig. S3 and Tig. 44. It does not 
differ In any a monti al feature from the Burrell apparatus azeept 
that a gturoted salt solution Is ged In the losing tube, and 
for greater ooaveniang, a companion tube far leveling Is con- 
nected to the gravity tube fay a T with a stop ooek in tho main 
n o nn snti on below the Y, and another at the top of the eqaaHting 
tube. 

Analysis of Fuel Gao— Tho analytic of fuel gas makes use of 
methods of absorption and combustion. 

1. Carbon dioxide is absorbed In a solution af 100 grama -KOH 
in 150 oe. of water. The reagsnt may be used until H approaches 
the point of saturation, Indicated by the slowing up of the 
reaction. 

3. Oxygen la absorbed fay an alkaline solution of pyrogafloL 

1 Bfcadaida'far Gas Barrie*, Okmdtr ■, p. 101, 1SU. 

1 fa mm and Nnugo, Aa inpuored Ornk mptratu* for |M andtpUi 
U. B. B ureau of Warn, BtiL ■( Oktm. and ifti, voL 81, p. TW, 1010. 
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The usual mixture ii 1 part at KOH with 3 parti of water, and 
this flotation mind In oqnol votamea of pyrogallnl solution, made 
by dimolvtag 1 part of pyrogaUbl In 8 of water. Aooozdtng to 
Prof —or White, 1 the flotation may not be uaed with safety 
beyond an absorption of about 8 volume! of o xy g en to 1 volume 
of eolation on aoooant of the formation of oarbon monozlde in 
the reaction. 

8. Bthyiene is absorbed In a flotation of bromine In water. 
If a few drops of bromine are kept in the pipette all the time, 
this reagent may be and indefinitely. After the absorption of 
the ethylene has bean oamptated, it is neo—ry to paei the gaa 
into the KOH pipette to remove tee bromine that baa vaporised. 

4. Benaene is absorbed in a eolation of 15 to 90 per eent 

faming sal phttrio add. TOds reagent nood not bo zonewndae long 
u it fumofl readily, Inriinattag tho preaenoe’ of free BO*. Ae 
with tho bromine, flo most the BO* be removed by the 

gu book into the KOH pipette, 

5. Hydrogen and Carbon Moncnrida are determined by the 
method of fractional oombuettan aa anggeetod by the work erf 
Campbell 1 Ho found tho oombtBtion paint for gnsei in aantaet 
with pure oopper oxide to be aa followi: 

Takui ZUL — Onmanur Traumas roa CUna nr Ot mtAm n*n 

Oorm Oxnxa 



— i — e mpman wum. pwro you) 

dagten OnMgnito (CUinemaJ 


100 
irsioiao 
sro to sao 
lUtoBH 
810 

U0 to 700 In air* 


He low range of tompaafema for etfban monoxide and 
hydrogen oompared with marsh gu haabeen made the basis' for a 
method of fractional oambortion, wbweby.the two low-burning. 

'Wnzn, A. K, "Tatiminl Qm and Tad A adyte,” p. M, 1B90. 

'ia flli. /nr., TpL 17, p. 8H, I860. Bn fjao Jiave, /an*, ff n ii 
. {ante vol 41, p. 70^1868. . 

• Dixon and Otpwpr&f a^*. pun. Boa, veL 00, p. (ty&jpMO. * 
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gases are removed without affecting the paraffins. Since the 
hydrogen in burning to water disappears, the contraction repre- 
sents the Hs, and since the CO burns to COs, each volume of COa 
indicated from absorption in the KOH solution represents one 
volume of CO, 

The combustion takes place most satisfactorily by maintaining 
the copper oxide at about 300°C. After the combustion has 
been completed, it is necessary to sweep out the tube containing 
the CuO with pure nitrogen to remove the gas being analyzed 
and any COa formed. . 

6. Methane and any remaining hydrocarbons of the paraffin 
series are determined by the method of slow combustion over 
mercury. The' method of Coquillon (1876), who first made use 
of the platinum spiral, has received its best development from 
Professor L. M. Dennis. 1 One of the main objections to the 
method has been the tendency toward the formation of oxides 
of nitrogen, resulting from the incandescent spiral. Dennis and 
Hopkins* propose to obviate this difficulty by use of pure oxygen 
instead of ait. 

The methods thus indicated under (6) and (6) for determining 
the various combustibles are especially provided for in the appa- 
ratus as shown, Fig. 22. It will be noted that there are no 
complications involved in developing the volumes for hydrogen 
and carbon monoxide as discussed under (5). To deduce the 
volumes for the mixed hydrocarbons of the paraffin type as 
under (6) is Bomewhat more involved. However, the matter is 
simplified in that all of the constituents have been removed at 
this stage excepting the paraffins and nitrogen. Then while a 
mixture of combustible gases remains, it oonsists of a homologous 
series, which is of material aid in devising a method of compu- 
tation— -for arriving at the original volume. 

Computation of Volume of Paraffins from Analytical Data. — 
After the process of burning the paraffin gases, four values are 
available upon which to base the calculations. (1) The volume 
of the sample employed. (2) The volume of the oxygen used. 
(3) The volume of the resultant gas after oombustion. (4) The 
volume of carbon dioxide in the resultant gas. 

1 Damns, L. M., “Qaa Analysis,” p. 147, 1913. 

* Jour. Am. Chem- Boo., vol. 21, p. 398, 1899. 
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By subtracting (3) from the sum of (1) and (2), the contraction"; 
due to the condensation of water formed from the oombustidn 
of the combined hydrogen is obtained, and from this contraction, 
and the volume of carbon dioxide formed, ban be calculated the 
volume of the paraffin hydrocarbons in the original sample of gas. 
Also the index of the average composition of the paraffins can be 
determined. 

2q COs 

The formula for determining the volume is: V =* s 


CO, 
V ’ 


The 


and for the index of the average composition is: n 
derivation is as follows: 

J— 1 

nGOj + (» + l)HiO 


(a) C„H* +! + ?^±- 1 0, 


From (a) the 
contraction is 
determined as 


(&) C = V 


(3 n + 1)7 
2 


~nV 


„ _ 27 + 3nV + V - 2 nV 
C 2 


C = 


From (&) (c) nV 

also from (a) . . (d) nV = CO, 
By solving the 
two equations 
(c) and (d) ( e ) 1 


nV + 37 
2 

2C-37 


20 - CO, 


Then from (d). .(jO n 


CO, 

7" 


The value V is the correct volume of the hydrocarbon gas no mat- 
ter ho w many of the homologues are present and in like manner the 
value, n, is the average composition of the mixture. If methane 
was the only homologue present, the value for n would be unity. 
Also if ethane was the only constituent the value of n would be 
2. This may be proven by solving for n from the equations 

1 vol. CO, 


CH<+20,-> CO, + 2H,0 
and 2CjJ0Ca -b 70, —» 4C0, -I- 65,0 


1 vol. GH* 
4 vol, CO, 

2 vol. C,H, 


lsOO 


2.00 


100 
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It is very seldom that a value for n of more than 2 is obtained and 
though this does not mean that there are none of the homologues 
higher than ethane present in the gas, it does show that methane 
and ethane predominate. The volume of hydrocarbons is 
usually considered as being only methane and ethane and is 
differentiated into these two by applying the portion of n greater 
unity as a factor whioh when taken times the volume V 
will give the volume of ethane. Methane will then be V minus 
ethane and the volumes of these two constituents as determined 
will be reported in per cent on the basis of the original Example of 
gas. 

The difference between the sum of all the constituents so far 
determined and the original 100 cc. of sample is considered as 
nitrogen. Then of necessity the nitrogen value must contain 
the total error of the several determinations. 

An analysis of a sample of gas from a low-temperature carboni- 
zation test on Illinois coal follows: 


. Gas Sample No. 176-2 
Illustrating the calculations for the paraffins 


Constituents 

Volume, 
100 cc. 

Per cent 

CO, 

06.4 

4.6 

O, 

04.6 

0.0 

cja, 

00.1 

4.4 

C.H, 

80.2 

0.0 

H, 

43.0 

46.3 

New volume 

70.1 


CO 

61.3 

8.8 < 

fl| added , . . 

166.0 




Total 

217.3 




After combination, .* 

161.6 



66.8 


•<* 


CO,. formed. , 

33.4 


CH 4 


31.4 

cja, 


1.0 

N, 


2.7 

Total....... 






Calculations 


V ^ 8 CO Jaadn _CO' 


V - 


181.6 —'88.4 


V —[32,4 

Then n - H'| -1,031 . 

And 32.4X0.031 -1.0 oo. C*Hi 
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Heat Values by Calculation. — It will be seen from the fore- 
going that with an apparatus which compares favorably with a 
calorimeter in the matter of facility and speed of operation, the 
method of obtaining heat values for combustible gases by analysis 
and calculation is given a very much more favorable status. This 
development will appeal especially to those interested in gas 
engine work where exact determinations for the low or net heat 
values are desired and which require for their satisfactory deri- 
vation an analysis of the gas. 

The gross and net heat values in B.t.u. for a number of differ- 
ent gases are given in Table XIV and since the values for all the 
combustible gases found in the foregoing analysis are included, 
it is possible to calculate with a good degree of accuracy the 
heat value of the original gas sample. The heat values given 
are for standard conditions, 60°F. and 30 in. of mercury, and 
since the per cents, as determined, hold for the gas under any 
temperature and pressure condition, all that is necessary in calcu- 
lating the total heat value of the sample is to obtain a summation 
of the per Gents of the combustible constituents times their 
respective heat values. Thus we may calculate the gross B.t.u., 
from the values in the table, in the following manner: 

Tab lb XIV.— Hbat op Combustion fob thb Mobs Common Gases 


Gas 

Formula 

Grow 

values 1 cal- 
orie* per 
gram molo- 
oule 

Gross 

values B.t.u. 
per oublo foot 
at 60°, 30 in. 
mercury 

Net valuee 1 
B.t.u. per 
oubio foot 

Grose values 1 
B.t.u. per 
cubic foot at 
60°, 30 in. oal- 
oulatod from 
net value 

Hydrogen 

Hi 

68,860 

836.2 

271.8 

820.0 

Carbon monoxide. . 

CO 

67,060 

828.6 

820.0 

321.0 

Methane 

OH< 

211,080 

1,000.0 

008.6 

007.0 

PfhfLTII. 

OiH. 

870,440 

1,764.4 

1,604.0 

1,088.7 

Propane 

OtHt 

620,210 

2,621.0 



Butane 

CkHic 

687,100 

8,274.0 


# 

Ethylene 

CJSU 

838,360 

1,688.0 

1,611.4 

1,600.6 

Propylene 

CiH« 

402,740 

2,847.2 



Butylene 

CtHi 

660,620 

3,000.12 



Aoetylene 

CiHi 

810,060 

1,476.7 

1,424.4 

1,486.4 

Ben* bus (vapor) . . . . 

CtHi 

700,360 

3,807.6 

8,671.6 

8,684.0 


t Wrora, A. H., " Technical Qaa and Tael Amlyata," p. 801, 1020. Grooa value*; tempera- 
ture ofpro-duota of oombuatlon being reduoed to 64.4°T. 

i PauBpox, Gbobgb T., Theelat "A Mathematical Determination of the M a x i m u m 
Pressure and the JUxtent of Combustion In the Gaa Engine. Unlv. of HL, 1021. 

* Groas values calculated from "Telbeek’s Net Values/' using formula as proposed by 
O^ade^ough, G. A., Professor of Thermodynamics, University of Ill i noi s. 
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Gas Sample No. 176-2 
Calculation of total heat value 


COMBCSTTBU P*B CANT BT RllBOLTIKa HhaT 

COH8TITTJBMT AnALTSIB AOOBPTBD B.T.U. VALUB 

C*Ha 4.4 X 1,688.0 - 00.9 

C*H 8 0.0 X 3,807.6 - 34.3 

H 9 46.3 X 320.2 - 147.8 

CO 8.8 X 323.6 » 28.6 

CH* 31.4 X 1,009.0 - 310.8 

CjH a 1.0 X 1,704.6 - 17.0 

Total B.t.u. of gas 014.0 


The values above are the usually aooepted heating values for the 
several constituents, and may be found in most texts and hand- 
books on this subject. They represent the high or gross values 
since the determinations were carried out at room temperature. 
As previously mentioned, the net or low-heating value of a gas 
is often desired and Table XIV includes these values for the 
various constituents. There is also given a seoond set of gross 
values which have been calculated from these net values. There 
are some arguments in favor of proceeding from the net values 
as a basis and from such values, derive the high or gross factors. 
Calculations thus made on the particular sample above referred 
to show results as follows: comparison being made with the indi- 
cated results from a Junker calorimeter. 


Gas sample No. 176-2 


Determined by Junker 
calorimeter..... 


Nbt OB Low 

664.4 


Calculated 661. 3 1 


Orobb ob High 


020.0 
014. 9* 
000 . 6 « 


In case the question is raised as to the presence of hig W 
homologues of the paraffins which might influence the heating 
value, it is well to note that the value V (n(757) + 261), 4 derived 
from the heat of combustion of C and H in C n Hsn+s, will give the 
gross value in B.t.uJs for the total paraffins in the Bample. In 
this case 32.4 (1.031 (767) + 261) = 334.2 B.t.u., while the sum 


1 Calculated from analytical data using net values, from Table XXV. 

• Calculated from analytical data using gross values as found in handbooks. 

• Calculated from analytical data using gross values from Table XTV, 
derived from net values. 

• Eabnhhaw, E. W., Water gas: Jour, Franklin Inst., vol. 140, pp. 101- 
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of the heat values for methane and ethane as calculated from their 
per cents is 334.4 This shows the possibility of calculating 
the gross values for the paraffins without differentiating into the 
homologues, and in cases where it is impossible to differentiate, 
as where n is greater than 2, it is still quite possible to obtain the 
correct heating value of the gas by applying the above formula. 

Noth. — O ne rather remotely possible source of error in calcu- 
lating the B.t.u. from the analytical results as obtained might be 
mentioned and that is, in the case of higher homologues of the 
olefin series or other unsaturated hydrocarbons, and as there is 
no way of determining or differentiating these, this possible error 
is beyond control. However, it is not probable that unsaturated 
compounds other than ethylene often occur in the gaseB analyzed, 
and errors from this source would doubtless be less than the 
experimental errors incident to the processes involved. 


CHAPTER XVI 


Flub Gab 


Gas Volumes. — Air has the composition by volume of 20.78 per 
cent of oxygen and 79.22 per cent of nitrogen. In passing 
through the fuel bed the nitrogen is unchanged, being chemically 
inactive, and proceeds into the flue spaoes in the same form in 
which it entered the furnace. The oxygen, on the contrary, 
enters into chemical reaction, combining with the carbon to form 
COj and CO and with the hydrogen to form HaO. As in all 
chemical processes, an excess of the reagent must be present in 
order to accomplish a rapid and oomplete reaction. There will 
always be found, therefore, in the flue gases a very considerable 
amount of excess or unused oxygen. The essential constituents, 
therefore, to be determined in the analysis of flue gases are: 

1. CO s 

2. Oa 

3. CO 

4. N* (by difference) 


In the combustion of carbon, the reaotion which ooours may be 
represented by the formula C + Oa 39 COa. This means that 
for each volume of oxygen one volume of COa results. If, 
therefore, pure carbon were burned and the exact amount of air 
were supplied to completely represent the volumes indicated in 
the above equation, the resulting flue gas would be composed of 
20.78 per cent of COa and 79.22 per cent of nitrogen. This, 
therefore, would represent the extreme limit of theoretical possi- 
bility as to the percentage of the volume of COa suoh a flue 
gas. However, from the principle already stated as to the neces- 
sity of an excess of reagent, the rapid and ootnplete oxidation of 

the oarbon can only be effected byhavihg ^ !_i “ J — * 

at least 50 per cent more " 
and even at this 1 ratio the bafegge! 
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low in amount to result in the formation of a very considerable 
quantity of CO. From actual experience it would seem that a 
content of COj in the flue gases of, say, 12 per cent approaches 
the limit of practicability, while doubtless from 8 to 10 per cent 
of COs would represent conditions which are above the average 
in practice. 

It should be borne in mind also that while carbon constitutes 
the larger part of the fuel content, the combustion of hydrogen 
(which on the average represents from 3 to 4 per cent of the 
coal), would be represented by the formula 

2Hj -f Oj = 2HtO 

That is, one volume of oxygen results in two volumes of water 
vapor. Now, since in the process of analysis the water vapor 
condenses and does not appear in the results, it must follow that 
the nitrogen which accompanied the. original oxygen into the 
furnace in this case is left alone without an accompaniment of 
gaseous product corresponding to the COi as in the case of the 
combustion of carbon. To this extent, therefore, the ratio of 
theoretical CO* in the flue gases is diminished. From these 
considerations it will appear that the uses which may be made of 
the constituents are: First,. a very fair estimate of efficiency of 
the firing may be obtained from the percentage content of COs 
in the flue gases. If, for example, it is known that for the boiler 
setting and equipment of a given furnace, it is capable of carrying 
on oombustion to an extent which will be represented by 10 per 
cent of COs in the flue gases, then when the flue gases show 
only 5 per cent of this constituent, there is evidence of careless- 
ness in firing which is capable of correction. Second, from the 
factors involved relating as they do to the constituents of the air, 
nitrogen and oxygen, and also to one constituent of the coal, 
carbon, and all in the gaseous form, it is easy to calculate, by 
means of the common gas laws, the weight of air used per pound 
of fuel burned. This furnishes a ready method for calculating 
other necessary data as, third, the ratio of air entering the com- 
bustion zone to the air actually entering into the oombustion, 
and, fourth, the loss of heat passing up the chimney. This factor 
is most conveniently derived after having transferred the gas 
volumes to weight as under No. 2 above. 
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Sampling and Analysis. — According to Professor White 1 “the 
problem of obtaining a representative sample of a gas for analysis 
presents in many cases more difficulties than the analysis itself.” 
These difficulties relate chiefly to leakage in the boiler setting, 
irregularity of flow in the cross-seotion of the chimney or gas oon- 
duit, chemical reaction with the tube used for sampling, faulty 
or leaky connections, solubility of the sample in water, etc. The 
avoidance or minimizing of. these difficulties is a problem for 
each plant. In general the leakage in the boiler setting should 
be remedied or minimized by a liberal use of some sort of luting 
material on all cracks or openings not intentionally provided for 
draft purposes. The point for taking the sample Bhould also 
be as near the combustion zone as possible. In cases where it is 
desired to take samples within the zone of combustion, a special 
collecting device with a water-cooled conduit to avoid chemical 
change in the sample is necessary. 

The difficulty of variations in the flow aoross the area of the 
conduit is best met by use of a multiple collecting device made 
by assembling a bundle of varying lengths of heavy pyrex glass 
or refractory tubing in a convenient holder, and held in place by 
Portland, or still better “hytempite” cement. Rubber tubing 
should be confined to short connections only and use made of 
glass or metal tubing. None of the water used in aspirating or 
by gravity displacement in collecting the sample should remain 
in the holder in which the gas is collected for transmission to the 
laboratory. The analysis of the gas is not essentially different 
from that already discussed under fuel gases, except that a smaller 
number of processes are employed. The determinations ordi- 
narily required in a flue-gas analysis are for COi, 0>, CO and Nj 
by difference. The instrument most^conveniently arranged for 
this work is the Orsat apparatus. It should be assembled in the 
simplest form and rugged in construction to meet the conditions 
of portability. The prescriptions for use have already been given 
in connection with the larger instrument, page 95. Indeed 
that apparatus is simply an enlarged or extended Orsat. It is 
adapted to all the uses intended for the smaller or Orsat appa- 
ratus proper except ready transportation. In the regular or small 
Orsat, carbon monoxide is determined by solubility in ammoni- 

1 Whebd, A H., "Gas and Fuel AnalyMs,” pp, 1 - 18 . . 

' ; . .*’[*. i * < . ' . 
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.a cal cuprous chloride instead of by fractional combustion. The 
larger apparatus is therefore better adapted for work with fuel 
gases, having a high content of CO, while the absorption method 
as employed in the small Orsat is well adapted for work with 
flue gases. 

Calculation of Efficiencies and Heat Losses. — The flue gas 
constituents and temperatures afford a basis for calculating 
efficiencies and heat losses. Three general features are usually 
included as follows: 

(а) The number of pounds of air entering per pound of fuel. 

(б) The ratio of air entering the grate to the air used. 

(c) The loss of heat passing up the chimney. 

(a) Pounds of Air Entering per Pound of Coal . — The gram 
molecule of any gas, that is, the molecular weight of the gas in 
grams, has a definite volume and is the same for all gases; 
namely, 22.4 liters at standard temperature and pressure. For 
example 44 grams of CO* has a volume of 22.4 liters; 32 grams 
of Oa has a volume of 22.4 liters, etc. In a mixture of gases, 
therefore, the weight of each constituent, W, in 22.4 liters equals 
the molecular weight X the percentage present thus: 

W = molecular weight of component X per cent (1) 

In arriving at the weight of air entering the grate, the weight 
of the total nitrogen will give the most direct factor for calculating 
the air. For example, making use of equation (1) the weight of 
nitrogen, W 1 , in a gram-molecule-volume would be: 

W 1 = 28 X per cent. N» 

In order to refer the weight of nitrogen present to a unit quan- 
tity of fuel, we shall need to determine, first the amount of pure 
carbon involved in the production of the unit volume of flue gas. 
This can be readily accomplished by deriving the weight of 
carbon in the gas and making; one gram of carbon the unit of 
reference. For example, of the CO a and -$-£■ of the CQ present 
is carbon. 

If we let C represent the weight of carbon in the unit volume, 
then 

10 12 

c m X 44C0| + ~ X 28CO 

hence 


C 0 - 12(C,0+ CO) 
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If, therefore, C represents the number of grams of carbon 
which deliver a flue gas with W l grams of nitrogen, then the 

W 1 

weight of nitrogen per gram of carbon burned is -g or in terms 


of the assigned values, 

W i = IJh 

w 12(COa + CO) r 3(COa + CO) 


( 2 ) 


Assuming for illustration a chimney gas of the following compo- 
sition: 

Paa Ob nt 


CO a 

O,.. 

CO. 

N... 


10.0 

8.0 

0.5 

81.5 


resulting from the combustion of a coal having 70 per cent of 
carbon exclusive of the carbon lost in the ash. Then by sub- 
stituting these values in equation (2) we have: 


W 1 


7 X 81.5 
3(10 + 0,5) 


18.11 grams 2Va 


That is, 18.11 grams nitrogen in the flue gases accompany the 
combustion of 1 gram of carbon. Similarly there would be 18.11 
lb. of nitrogen in the flue gases from 1 lb, of carbon, and for a coal 
of 70 per cent carbon the weight would be 0.70jX 18.11 ■= 12,68 
lb. Na. Since nitrogen passes through the furnace unchanged the 
calculation to the equivalent weight of air entering is: 

77: 100:: 12.68:* 

* - 16.47 


Hence the weight of air entering per pound of coal is 16.47 lb. 

(b) Ratio of Air Entering to Air Used . — From the discussion 
under (a) the weight of oxygen per pound of carbon would be 
represented by the expression, 

■nm 320a _ ■ 80a zo\ 

^ “ 12(00, + OO) or 3(C0, + CO) 

Substituting the values indicated under (a) we have 

7T71 8X8 n j 

** q 7T a > " A ' ** 2*0®: i : : 
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be 1.42 lb. per pound of coal. Calculating the oxygen to the 
equivalent of air, 

23 : 100 :: 1.42 : * 
x = 6.17 

Hence, the weight of air passing through unused is 6.17 lb. per 
pound of coal. 

From (a) and (6) therefore 

Pounds 


Total air entering 16.47 

Air unused . .. 6.17 

Air used 10.30 


16.47 

10.30 


1.60 Ratio of air entering to air used. 


(c) The Loss of Heat Passing Up the Chimney . — The factors 
which enter into the calculation of heat losses in ohimney gases 
are (1) the weight of the flue gas per pound of fuel, (2) the specific 
heat in B.t.u. per pound, and (3) the rise in temperature or 
difference in temperatures (t — t l ) between the entering air 
and the gases as they leave the furnace. 

1. The weight of the gas per pound of fuel may be readily 
derived from the formula for W as developed under (o) and (b) 
above. Letting W-, represent the weight of the mixed gases per 
pound of pure carbon, then by a similar procedure to that shown 
in equation (2) under (a) and equation (3) under (6) we would 
have for the total weight of all of the components per pound of 
carbon: 

w 11C0 S + 80 s + 7CO + 7N, 

" 3 (CO* + CO) w 

Or, Bince CO + N* “100 — CO* — O* this expression may be 
still further simplified to read : 


•pr 7 4C0* + 0* + 700 
YVv " 3(CO» + COT 


(5) 


Assuming the coal used as in (a) and (b) to have 70 per cent of 
oarbon (the carbon of the ash having been subtracted), then 
by; substituting the percentage values for the chimney gas as 
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already indicated and multiplying by 0.70 we would have the 
weight of gases per pound of fuel: 


W 


4 X 10 + 8 + 700 
3(10 + 0.5) 


X 0.70 = 16.62 


Therefore for (1) 

W = 16.62 lb. dry gases per pound of fuel. 

2. The specific heats of the various components, at con- 
stant pressure in B.t.u. per pound, calculated for the interval 
60°F.-600°F., 


C0 2 = 0.222 


Oi - 0.217 
CO = 0.245 


N* = 0.2407 
H a O = 0.4673 


From which it appears that an average specific heat of 0.24 for 
all the constituents exclusive of water vapor may properly be 
applied. Assuming, therefore, the (t — t l ) values of 60° entering 
and 600° leaving, we have a total loss L for the dry gases thus: 


L = 16.62 X 0.24 X 540 
L = 2,154 B.t.u. 

Assuming a heat value of 12,000 B.t.u. for the coal per pound as 
fired, then the percentage loss, L 1 , would be, 

Ll = 1^000 X 100 
L l = 17.95 per cent. 

Other Losses. — In obtaining a heat balance as in boiler tests, 
other heat losses are taken account of. They include : 

(A) The latent heat of vaporization of moisture. 

(-B) The heat of the water vapor passing off at the tempera- 
ture of the ohimney. 

(CQ The heat combustion of carbon to CO, instead of to CO*. 
(D) The unbumed carbon in the ash. 

(A) The water from which the loss of heat is calculated is made 
up of: 


(o) The total hydrogen of the ooal burning to H*0, 
that is H X 9. 

(6) The free moisture of the coal, 

(c) The moisture of the air as indicated by the relative 
humidity. ■■ ; , 
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The sum of the three amounts of water referred to the unit of 
L lb. of coal multiplied by the factor for the latent heat of vapori- 
sation represents the heat loss in B.t.u. per pound of coal thus: 

B.t.u. loss 

per pound = Weight of H a O X 966 
of coal 

(B) Having found the weight of water as under (A) the heat 
.oss due to rise in temperature from room temperature, t, to 212°, 
and from 212° to temperature of flue gases, T, is found, using the 
specific heat factor for the water vapor, of 0.467, thus: 

B.t.u. loss 

per pound =H a O X (212 — i) + H$0 X 0.467 X (T — 212) 

of coal 

((7) The heat loss due to the burning of carbon to CO instead 
of COs is found by multiplying the weight of carbon thus entering 
into the reaction per pound of coal, by the difference between 
the calorific value of carbon burned to CO* and carbon burned to 
CO, thus: 

B.t.u. loss from CO 

per pound = Weight C in CO X 10,150 

of coal 

(D) The loss of heat due to combustible matter passing, 
through with the ash unbumed is found by dete rminin g the 
combustible in the ash as carbon, c, and referring it to the total 
refuse, r, in its proper proportion, x, to the ash, a, of the original 
fuel thus: 


c : r ;: x : a 

Having the value, x, in percentage of the original coal as fired, 
then: 

Heat loss per pound 
of coed from unbumed carbon 


- x X 14,550 


In the use of the factor 14,550, it is assumed that the residual 
combustible in the ash is carbon only, with a heat value as 

i^ciioatod. 


‘ ' I 1 n 





CHAPTER XVII 


Boiler Waters 


Their Examination, Character and Treatment 

Water Analysis. — Waters axe examined for two very different 
purposes. First, the object may be to determine the potability 
or sanitary character of the water; and, second, itjmay be desired 
to learn the behavior or value of the water for industrial uses. 
The requirements under each division are very different. In 
order to be sanitary, a water must be free from certain forms of 
organic matter which might indicate possible contamination with 
sewage or furnish a suitable breeding medium for disease germs. 
Within reasonable limits, the amount of mineral constituent is of 
little importance. On the contrary, however, the value of a 
water for industrial purposes depends very largely on the kind 
and amount of the dissolved mineral substance, while, as a rule, 
little importance is attached to the organic material present. 
This is especially true in the case of those waters whioh are to be 
used for boiler purposes, and it is this phase of the subject which 
is of immediate interest. 

Source of the Mineral Constituents. — Natural waters ^ in 
passing through the soil come in contact with oertain products 
of decomposition and decay. Some of these substances, notably 
carbon dioxide, humic acid, etc., are taken up by the waters, in 
which condition their power to dissolve mineral matter is greatly 
increased. In this way the decomposition of feldspar, limestone, 
etc., is constantly going on, the result to the peroolated water 
being that there is taken into solution varying quantities of 
silica, salts of iron, aluminum, magnesium, , sodium, potassium, 
etc. As a rule, therefore, the less contact natural waters have 
had with the soil, or the insoluble the eajrthv matter with 
which they have conm U 

of mineral constituents tiifcsojbted? 
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source of supply, the greater the opportunity for dissolving suoh 
material, and consequently the greater will be the amount of suoh 
substances in solution. For this reason it has been sometimes 
customary to divide waters into three classes: 

1. Surface water, 

2. Shallow wells and spring waters, 

3. Deep wells and artesian waters. 

Surface waters are suoh as are found in lakes, streams, and 
artificial ponds, and with these might also be considered cistern 
or rain waters; shallow well waters may be considered as those 
obtained from wells or borings which extend into the drift not 
to exceed 30 or 40 ft.; while deep-well waters may be considered 
those that are obtained from a depth of over 100 ft. These 
divisions are not sharply drawn, and, indeed, the classes merge 
into each other. This is more readily seen from the fact that 
many streams, for a large part of the year at least, are fed by 
waters which have their source in tile drains and springs. The 
system of underground drainage so largely carried on in these 
days, therefore, ‘gives to the waters of smaller streams at least 
many of the characteristics of the water from the shallow wells. 
This feature is more pronounced during the dry months of the 
year, as, for example, in the late summer and fall. The amount 
of mineral matter, therefore, varies inversely as the volume of 
water in these minor streams. Oh the other hand, large bodies 
of water and larger streams, especially those in districts where 
they come in contact with the more insoluble formations, are 
remarkably free from mineral matter. This is especially notice- 
able in the waters of Lake Superior, and in many of the rivers of 
the north-central region of the United States. In certain regions, 
also, as in the delta of the Mississippi, water-bearing sands are 
sometimes found at very considerable depths, but with extremely 
small amounts of mineral matter present. 

. It will be seen from the above discussion that any classification 
based merely upon the source of a water will have little practical 
value. Before attempting any classification, however, based 
upon the oharaoter of the dissolved mineral constituents it will 
be necessary to review the processes by whioh these substances 
become a part of the whter, and to note their properties and 
behavior under the conditions of actual use in steam boilers. 
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Chemical Characteristics of the Mineral Constituents. — Cal- 
cium carbonate, CaCOa, and magnesium carbonate, MgCOj, are 
the chief constituents of lime rook. Finely divided particles of 
these substances exist throughout all the clayey deposits of the 
drift region. The percolating water holding carbon dioxide, 
COj, in solution has the property of a weak acid, HaO + COa = 
HaCOa, and in this form is a solvent for the above substances, 
forming bicarbonates, thus: = 

CaCOa + HaCO, = CaH»(C0 8 )a 
MgCOa + HaCO* = MgHa(COa)a 

These dissolved bicarbonates are readily broken down by heat, 
thus: 

CaHa(COa)a — CaCOa *4- HaO H- COa 

The water alone with the carbon dioxide gas driven out of it is not 
a solvent for calcium carbonate, and the latter is precipitated. 

Feldspars of various sorts are usually distributed throughout 
the drift deposits. These also are slowly decomposed by oar* 
bonated waters thereby adding to the water, compounds of 
sodium, potassium, iron and aluminum, as well as hydrated 
silica, which is also soluble. The general type of thin reaction 
may be shown, thus: 

Al a O,.K,O.0SiO, + 2H,CO,«=Al a O^2SiO,.2H s O+K a CO 8 +4SiO # 

Feldspar Kaolin 

In this way complex or impure rocks may, upon their decompo- 
sition, yield small quantities not only of lime and magnasinm 
in solution as bioarbonates, but also iron in a bioarbonate form, 
as well as salts of sodium, potassium, and sHicio acid. This 
result would be more readily understood if we were to enter into 
a study of the composition of the drift, especially of a region l ike 
the Mississippi Valley where the glaeial , (day has a very consider’ 
able admixture of ground rock each as feldspar, hornblende, mica, 
dolomite, etc. Moreover, since ah drift formation' has been de- 
posited in contact with or by meins of sea water, we expect a 
greater or less amount of mineral Substances, to be present due 
to such water; namely, e<Mnm chloride, calcium sulphate, etc. 

Solubility of Gypsum.-4-W© :are familiar with the solubility of 
sodium chloride, but calcium evdphate or gypsum is also; soluble; 

’■'1st- - 
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although to a less degree, and this without the aid of carbon 
dioxide. Its solubility, for example, may be illustrated by the 
following table: 


Table XV. — Solubility op Gypsum 
(CoS0 4 +2H,0) 

1 part dissolves in about 500 parts of water at ordinary temperature 

1 part dissolves in about 1,200 parts of water at 250°F. 

1 part dissolves in about 1,800 parts of water at 300°F. 

1 part dissolves in about 3 , 800 parts of water at 325°F. 

From the above facts it may be readily understood how the 
mineral constituents come to be dissolved in all underground 
waters. The kind, amount, and properties of these substances 
indicate directly the behavior of a water when used for boiler 
purposes. Almost without exception their presence is objec- 
tionable for reasons which will be evident from the following 
discussion. 

Effects of Impurities. — The difficulties which attend the use of 
water in the generation of steam are three in number: 

First, mineral scale is formed upon the shell, flues, and sheets; 
second, foaming or •priming may occur; and, third, the water may 
have corrosive action and weaken the metal of which the boiler is 
composed. 

The constituents of a water, therefore, naturally group them- 
selves under these three heads: 

1. Scaling ingredients. 

2. Foaming ingredients. 

3. Corrosive ingredients. 

Scaling Ingredients. — Scaling ingredients are always con- 
sidered as including silica and any combination of iron, alumi- 
num, calcium, and magnesium. Since the formation of scale is 
the most common and perhaps the most evident difficulty which 
accompanies the use of a boiler, it has sometimes been made the 
basiB of a classification for waters. At a meeting of the Amerioan 
Association of Railway Chemists at Buffalo, N. Y., May 24, 1887, 
a schedule of classification was adopted. Waters containing 
varying quantities of soaling material per U. S. gallon were 
graded as in the table below: 
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Table XVI. — Classification of Waters by the Association of Railway 

Chemists 


Below 8 grains. 
8 to 15 grains 
15 to 20 grains 
20 to 30 grains 
80 to 40 grains 
Over 40 grains. 


Very good 

Good 

Fair 

Poor 

Bad 

Very bad 


In this table the first line was added by the Chioago, Burlington 
& Quinoy Railway to fit the case of Lake Michigan water, which 
has approximately 8 grains or less per gallon. 

This classification is relative only, since a wider study of the 
subject has indicated the necessity of taking into account the 
kind of scale which would form and the other ingredients in addi- 
tion to those which produce scale. The scale when formed, may 
be dense and flint-like or open and porous. These characteristics 
result from the various types of mineral content involved. In 
general, *a hard, flinty Beale is due to the presence of calcium or 
magnesium sulfates; while, in waters in which only the carbon- 
ates of these substances are present, the soale will be more 
open and friable. Indeed, a very large number of waters are 
met with where only carbonate hardness is present. In these 
cases the major part of the incrusting solids appears as mud or 
sludge. For these and other reasons the above classification 
has not met the needs of the case and has, indeed, not been 
adopted to any considerable extent. A much more practical 
classification would take account of all of the various constituents 
and the characteristics for which they are responsible. The 
method of classification devised by the Chicago, Burlington & 
Quincy Railroad is based on the amount of these various con- 
stituents. Since the full meaning of. the same can be better 
understood later, it is reproduced at the end of this chapter. 

Effect of Scale.; — Boiler scale is a disadvantage for the reason 
that: First, it retards the transmission of heat; second, it pro- 
motes the formation of a high temperature in the plates, with a 
possibility of softening the same; third,, the sudden rupture or 
opening up of the scale may admit water to the highly heated 
metal, forming hydrogen and oxygen; fourth, the higheJJ ^ tempera- 
ture of the steel thus maintained ; tyen; th : $ug^ teaching 
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the danger point, promotes the absorption of sulphur and oxygen 
and thus causes a deterioration of the metal. Doubtless the 
chief item in this list, by reason of its continuous and total aggre- 
gate effect, is the decrease of heat conductivity, requiring a larger 
amount of fuel. Authorities differ as to the extent of loss. A 
conservative estimate would place the loss of fuel at 10 per cent 
for each tV in. in thickness of the scale. The difficulties attend- 
ing the estimation of the fuel loss are great, and it is to be 
expected that a rather wide range of results is found in the 
published data. 1 

A test of the steaming efficiency, made upon an Illinois Central 
locomotive by the University of Illinois in 1898 and described in 
the Railway Gazette for the following year, indicated a loss of 
heat, with a scale averaging -fc in. in thickness, amounting to 
9.6 per cent. The same engine was tested before overhauling at 
the shops and was returned after cleaning for the comparative 
test. An interesting computation was made on the s ama road 
at a much earlier date, in which the performance sheets for 120 
locomotives were taken with reference to the consumption of coal 
before overhauling, and these results were oompared with the ooal 
consumed for the 3 months immediately following such a cleaning, 
with an average for the 120 engines of almost exactly 10 per cent 
in favor of the scale-free condition. Many other tests have sub- 
sequently been made more or less confirmatory of these results. 

Foaming Ingredients. — The non-scaling or foaming ingredients 
are considered to be the salts of the alkalies, such as sodium 
chloride, sodium sulphate, sodium carbonate, potassium chloride, 
potassium Sulphate, potassium carbonate, eto. Other conditions 
contribute to the tendency of water to foam, such as the presence 
of organic matter, especially such substances as may form soap. 
The presence of finely divided solids in suspension is also a con- 
tributing cause. 

. 1 Bbbokbnridgb, L. Pi, The effect of scale on the evaporation of a loco- 
motive boiler: R. R. Gazette, voL 31, new series, p. 00, 1869. 

Am. By. Eng. Assn., 1614, p. 062: “ it is concluded that the 

saving of $977 per looomotive represents 7 cents per pound of excess scaling 
matter entering the boiler 

Univ. of HL, Eng.. Exp. Sts., BvH 11. 

Am. By. Bi>g. and Maint. of Way Assn., p. 41, etc., Jan. 1907. 
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The objections against foaming may be stated as follows: 
First, the rising of the water in the gage glass or blowoff cocks 
makes it difficult, if not impossible, to know the height of the 
water in the boiler; second, the discharge of wet steam or of 
steam carrying a considerable quantity of water is exceedingly 
wasteful of heat and makes it diffi cult, to keep up the steam pres* 
sure; third, there is danger of large quantities of water getting 
into the cylinders where, by reason of its incompressibility and 
inability to pass quickly out of the ports, a cylinder head may 
thereby be blown off; and, fourth, the grit carried along with 
the water promotes the cutting of the walls of the cylinders and 
valve seats, thus making a re-boring of the cylinders necessary. 

Concerning the causes which promote foaming, they are not so 
easy to define or classify as in the case of scaling, and they do not 
always relate directly to the character of the dissolved mineral 
substance. The tendency to foam varies greatly, for example, 
with the two general types of boilers employed, those used for 
stationary purposes, and the locomotive type. It might be 
said, indeed, that to the above mentioned conditions of the water 
might be added the nature of the spaceB in which the generation 
of steam takes place. A network of staybolts and braces in a 
steaming space of small volume at best will be more conducive 
to foaming than the Opposite conditions. The structure and 
steaming capacity of the locomotive, therefore, greatly increase 
the tendency of this type of boiler to foam. Tests on numerous 
railroads pretty generally agree upon the following facts concern- 
ing the foaming in locomotives. When a density of the water 
due to the presence of alkali sulphate or chloride reaches approxi- 
mately 100 grains to the gallon, foaming is apt to occur, especially 
when the engine is put under heavy work. This means that in 
the raw water, before condensation has been carried on, a content 
of 25 grains per gallon would, reach the foaming stage when three 
or four tankfuls had been taken into the boiler. However, a 
wide variation is due to the type of foaming ingredients, since a 
less amount of alkali salt will cause foaming where part of the 
substance is alkali carbonate, Na>COj, or soda ash. Where 
much organic matter also is present, a still less amount of free 
alkali will eause foaming. Indeed, cases have been met with 
where 15 to 25 grains per gallon of alkali salts have produced 
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foaming, when one-half, for example, of such salts were in the 
form of alkali carbonates, accompanied by a very considerable 
amount of organic matter. Foaming in stationary boilers 
would scarcely be caused by double the amount mentioned 
above. 

Corrosive Ingredients. — Much disagreement exists regarding 
the causes of corrosion. Certain conditions will produce galvanio 
action between different metals used in construction, or even 
between different parts though made of the same metal, and 
this action eats away the metallic surfaces. Flaws, cinder scales, 
oxide nodules, etc., will, probably for a similar reason, produce 
pitting. Along sharp angles of construction, where the metal 
has been put under strain, corrosion will frequently oocur. Car- 
bonic acid gas or oxygen, when dissolved in water, are solvents for 
iron. Of course, the heat soon drives these gases out of the 
water, but corrosion in the vicinity of the feed inlet may be due 
to this cause. Some waters percolate through culm heaps or 
coal mine refuse or drainage and have produced in them free 
sulphuric acid from the oxidation of iron pyrites, or they may 
take up sulphate of iron of aluminium, all of which chemicals 
render a water positively and vigorously corroding. 

Nitrates are seldom encountered, but, when present in any 
considerable amount, are strongly corroding. Calcium and 
magnesium chlorides are also strongly corroding. But, after all, 
it may be noted that many conditions can exist to neutralize 
the corrosiveness of a water. For instance, there may be f ormed 
a hard, dense scale which will effectually protect the iron. In 
this case, however, we would expect to see some tendency toward 
corrosion and pitting under the scale. 

If, now, we attempt to classify waters according to the mineral 
constituents above outlined, we would have: 

Classification. Class I. — This class includes such waters as 
have present free sodium carbonate or more than enough sodium 
to unite with the sulphate, chloride, and nitrate radicals or ions. 
There would be left, therefore, only oarbon dioxide, CO*, to unite 
with the r emainin g sodium and also the caloium, magnesium, and 
iron. Such waters have only temporary hardness , there being no 
sulphates of calcium or magnesium. Upon boiling or using in the 
steam boiler, only a sludge forms instead of scale. The oar- 
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Ixmiifcos ar« all in the bicarbonate form and, hence, arc stable in 
tlu* cold, but decompose upon heating. Waters of this class are 
very widely distributed throughout the drift region, and the 
source is usually from deep wells. 

< l^lass II. — Tho waters of this class contain oalcium or magne- 
sium sulpluito os well as bicarbonates, but not tho ohloridos of 
thoHo elements. They have, therefore, pormanent hardness and 
form a hard, flinty scale. Such waters are usual in surface 
supplies and in most Bhallow wells. 

Class III. — This includes such waters as contain corroding 
salts or free acid in solution, such as tho chlorides or nitrates of 
magnesium or calcium, tho sulphate of iron or free sulphuric acid. 
Buch wotors aro infrequent but, because of their corroding charac- 
ter, should bo recognized when mot with. 

The Chemical Treatment of Boiler Waters. — From what has 
preceded it will be readily understood that the treatment of 
boiler waters must follow closely along tho line of the chemical 
character of dissolved ingredients, with a view also to the proper- 
ty which various ingredients impart to the water. In the 
flrHt instance, it must bo remembered that all natural water is 
strongly impregnated with carbon dioxide. We should recall 
again the fact that the presence of this gas in the water has 
furnished a solvent condition whioh has resulted in the formation 
of bicarbonates, especially of lime, magnesium, and iron. 

In 1736, Cavendish announced the discovery that lime water 
added to oertain hard waters would soften them, but the prac- 
tical application of the principle was not made until 1841 when Dr. 
Thomas Clark, of Aberdeen, Scotland, obtained patents oovering 
both the process and the apparatus employed. Clark’s prooess 
has now mainly histone interests It was ineffective on waters 
with sulphate or permanent hardness. While his methods seem 
crude in comparison with present-day processes, oertain features 
have attained a permanent plaoe in boiler-water literature. 
One is the use of lime and another is the use of a standard soap 
solution for measuring the total hardness in degrees, each 
degree representing one grain per Imperial gallon of soap-destroy- 
ing material. This is known as Clark’s seals of hardness. 
Numerous other methods are in vogue for fodfyattag hardness of 
water. The table under “Standards for. indidating degrees of 
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hardness,” page 132; will be helpful in showing their relative 
values. 

It is at once evident that there are two general types — Class I 
and Class II as referred to above under “Classification” which 
have material in solution of two different characteristics requir- 
ing two different processes when softening methods are involved. 

Because of the fact that the compounds of the first group of 
substances are easily decomposed by heat and thus discharged 
from solution, we have a subdivision of scaling ingredients into: 

I. Those which are designated as constituting temporary- 
hardness, and 

II. Those which constitute permanent hardness of water. 

The first division is present in all waters and includes the 

larger part of the soaling matter; the latter is variable in amount 
and frequently absent, so far as the scaling constituents are 
concerned. These two general divisions or types of scaling 
material must be borne in mind, because they form the basis of 
all practical methods for water treatment, indeed, each division 
represents a prooess or a method which must be followed for 
the removal of these substances. This may be more clearly 
illustrated by the following outline: 


Soaling 
matter 
la prin- 
cipally 
com- 
posed of 


Table XVII. — Soaling Matebb and 


"Excess" CO* 

For this 

Division I. 


division use 

Bicarb onates ■ 

CaH.(COa)* « 

Ca(OH)*, • 

as: 

MgHi (COi)i 

The results 


FeHi (COa)i 

k are 



For this 

Division II. 

MgSO< 

division use 

Sulphates u: ■ 

CaSOa 

NaiCOa ■ 


FeSOi 

The results 



are 


CaCOi + 2HtO 

CaOOi + CaCOi + 2HiO 
Mg(OH)* + CaOOi + 2HtO 
FeCOi 1 -f- CaCOi + SHtO 


MgCOi + NaaSOa 
CaCOi + N&aBOa 
FeCO.i + NaaSOa 


It will be readily seen from this outline that the first division, 
carrying the bicarbonates, may be removed from the water either 
by heat or by the addition of some chemical which will absorb 
the “excess” and “bicarbonate” carbon dioxide. If we were to 
depend upon heat for this work, it would be a long prooess for 
the reason that ordinarily these bicarbonates are not completely 

l TMa substance quickly breaks down into Fe (OH)i thus: 

2FeOOi + 3H,0 -f- 0 — 2Fe(OH)i -f- 2COj 
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broken down except upon rather prolonged boiling, say for 15 or 
20 min, or even ) hr., and this again would indicate the impracti- 
cability of such a method, because of the expense involved. 

Treatment with lame, Ca(OH) s . — Since hydrated lime reacts 
at ordinary temperatures and, moreover, is the least expensive 
of the possible reagents, it is made use of to react with the COt 
of Division I of Table XVIII. 

In measuring the amount of Ca(OH)> needed for treating a 
water, it must be borne in mind that the COa dissolved as HaCOj 
will react with the Ca(OH)a the same as the bicarbonates. 
Hence, we have a series of reaction thus : 


(a) . 

HiCOa 


' CaCOa + 2H*0 

. 

f CaH s (CO,), 

* + Ca(OH)g ™ * 

CaCOa + CaCOa 

GO 

MgHi(COi)i 


Mg (OH) a + CaCOa 


[ FeHi(CO,)i . 


FeCOa + CaCOa 


The total COa to be thus taken care of is designated as (a) 
“excess” or “free” carbon dioxide, and (6) “half-bound” or 
one-half of the “bicarbonate” carbon dioxide. It is necessary 
to measure the amount of free carbon dioxide by titrating, say 

N 

200 oo. of the water with NaaCOs, using phenolphthalein 

as indicator. Each cubic centimeter of this reagent, therefore, 
represents an equivalent of 0.001 grain in terms of CaCOa. 1 

Therefore, five times the number required for 200 cc. of water 
would represent the equivalent in 1,000 cc. or 1 liter of water. 
This would represent milligrams per liter which is the same as 
parts per million. Parts per million multiplied by 0.0583 = 
grains perjgallon.* 

The “bicarbonate” carbon dioxide is determined by titrating 

N 

a measured volume of the water with sulphurio acid, using 

1 The molecular weight of CaCO* is 100. This is a bivalent molecule, 

hence, the univalent or hydrogen equivalent would be 50 and the 

value would be 1 gram per 1000 co. Hence, 1 oo. would have a CaCOi 
equivalent of 0.001 gram. 

* One gallon weighs 58,330 grains henoe Of a gallon or 1 part 

per million weighs 0.0588 graina 
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methyl orange as indicator (see p. 206, Fart II). Each cubic 
N 

centimeter of sulphurio acid is equivalent to 0.005 gram 


CaCOs. Therefore, if 200 co. of water be titrated, eaoh cubic 
centimeter of acid used corresponds to 0.025 grams, that is 25 
mg. per liter or 25 parts, per million bicarbonate carbon dioxide, 
measured in terms of CaCOg. 

The above estimation of the “free” and bicarbonate carbon 
dioxide would represent all of the conditions to be taken into 
consideration in connection with the lime treatment except for 
the slight irregularity in the behavior of one element. The 
magnesium carbonate, especially in the presence of other salts, 
is soluble to an extent which makes it advisable to carry the 
reaction one step further and provide for the formation of mag- 
nesium hydroxide which compares favorably as to insolubility with 
the calcium carbonate. This is effected by adding enough extra 
Ca(OH) a to correspond to the magnesium present. By direct 
determination, therefore, of the magnesium and the calculation 
of the same to the calcium carbonate equivalent, we have the 
necessary correction indicated for this element. By adding the 
calcium carbonate equivalent thus found to the factor as derived 


above by titration with 


N 


jq sulphuric acid, we have a corrected 


calcium carbonate equivalent for the bicarbonate carbon dioxide 
plus the magnesium present. 

Having thus determined the amount of “excess” and bicar- 
bonate carbon dioxide plus the magnesium, in terms of CaCOs, 
the amount of reagent as CaO for the total CaCOs equivalent 
would be in the ratio of 56 : 100. To transfer to a unit of 1,000 
gal., multiply values for 1 gal. by 1,000; and to transfer grains to 

1 . 56 

pounds avoirdupois, divide by 7,000. Henoe, ^ of ^qq or 0.08 


times the grains per gallon of total calcium carbonate equivalent 
represents the pounds of CaO reagent needed for each 1,000 gal. 
of water in removing or correcting for these ingredients. 

In the case of common or commercial reagents used in water 
treatment, the impurities, of course, must be allowed for. 

Where the lime is added in the form of a clear solution of Ca- 
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(OH) i, the latter fa dfautved to tho point of eataratian and this 
oaneentzated eolation hooomos tho ragout. 

He ■ohibJHty af OaO fa about 78 ermine par gallon anld, 
(flO°F.). Hence Vr gal of time w afar oontains 1 grain of GaO, 
and would represent the number of gallona neoamy to 
hold 1 lb. of OaO in snTntinm. Therefore, 


7,000 

78 



7.18 X 


Thegmtae 
ptr gtikm 
of CkOOi 
•qntanfani 


Number of galloaa tetan 
ntad Urn water nqnbod 
to nnxm the total mktam 
automate oqnfaiknt fa 
1*000 gal of water. 


The sohibttfay at OaO dearasee aa tho temperature of tho water 
in amuse. It ahoald be remembered, oleo, that OaO ifakas to 
Go(OH)a and H fa really the solubility of the fatter oom pound 
which fa involved. Usually, however, the reference fa made to 
the solubility af CaO as the bads. Thus, by ooloofatiiig from 
iAmyfa tables (O. B., vuL 86, p* 888), 

78 enfas GaO will mtorato 1 U. 8. giUon at 60*7. 

70 snfaa OaO will attmato X TT. BL gaDm at 88*7. 

OB gntaa OaO will mtmafa 1 U. B. gaDm at 113*7. 

01 gratae (hO will miniate 1 XT. 8. gallon at UfTF. 

9» gains OaO wfll mtazate 1 TJ. a gallon at 918*7. 

Recently the market has come to be supplied with pulverised 
dry Ume In the hydrated farm. To find the solubility by weight 
af this material, eatoafate the above amounts to tho equivalent 
of Oa(OH)*. Thm, 

86 : 74 78 g 

OaO ' Ot<OH) a "gr.OaO ’ gr.Oa(OH)i 


Whan oo, 78 grains OaO - 108 grains Oa(OH)a, which would 
represent the aotoblHty per galhm at OC TT. of pun material 
Treatment wifli Soda Ash, Hs«CO*— Of the nfatuuaiflaffl- 
aiently aheap to be available, sodium esrbanats ar "soda osh 11 fa 
by far the best adapted for Written n of Table XVHX , or those 
Ingredfante oaattng the permanent hardnnm of the water. Ho 
reaction or In eahibilfay by heating oan be effective, 

though many attempts ,to remove the sulphate by nnsrm of the 
fas eohihfUty of nsittnm sulphate in hot water (as 1 I nd icated In 
TiUe XV), ham ban attempted- ' Witt* ttSa^ofiubataBM, 

it fa more effective to remove them as carbonate^, qultthfa must be 
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brought about bj tho addition of a salable carbonate nit, the 
ohaapeBt of wbloh k sodium carbonate at "sods ash,” NmOO„ as 
aboro Indicated. 

To measure the amount of “soda Bah , 11 Na*COi, iimiwiy for 
tho prodfritation of the sulphates of mapwlmn, oalafum, andiron 
or permanent hturfnr—, read carefully Hxerdoe IX an page 210 
of Part IL 

The roaotiona involved maybe nqnosentad aa follows: 

OaflO* + NatCO» - QaCOi + NaJ30 4 
Mcfi0 4 + NatCO, - MfOO, + Na*0 4 

The amonnt of "soda oah 11 uaod op In thla reaction la directly tho 
measure of this aobstanoe to be need In treating the water. 
Thna, If 300 oo. of water wore taken, then five times tho nnrnhcr 
N 

of oo. of |g Na«OOi X 0.0008 would r e pr oa un t the weight In 

grams per liter of Ne«COa required. This multiplied by 1,000 * 
mflUgmme per liter and this multiplied by 0.0688 would give the 
grains per plinm required direotiy in terms df "aoda ash." 
Multiplying this by ano-mventh would give the number of 
pounds needed per thousand gallons. Where magnesium retta 
are p re s ent as part of tho permanent hardhw, the MgCO a 
formed aa furiinatari above is to be predpftatsd aa Mg(OH)i, 
the same aa under telnparazy hsrrinw Hence, all magnnahnn 
oompounds oall for an equivalent of Oa(OH)i in addition to the 
primary reagent needed. This, however, la provided for in the 
method of analysis wbloh determines ah of the inagnstium, 
whatever the fanp in which it is present; and the seoondsry 
reagent, Oa(OH)i, for its removal has been nondkierod under the 
preoedbig topio; rfa, "Treatment with lime. 11 A double 
reaction is tins provided far magnndmn, whether the oombl- 
nsticn be that of a bioarbanate, a sulphate, or a ehlaride. 

Trectment with Cosgnlsnta^— Oosgalants are more frequently 
employed far the nnnoval of bacterial growths and the correcting 
of mronrefTn turbidity. It la tharefore a method of lore frequent 
application in waters for boiler m However, sinoe than Is a 
potitive connection between suspended matter and foaming or 
priming in the generation of steam, the removal of such suspen d ed 
matter may become Important Two methods may bo cm played. 
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tfrd, tha precipitated aeldum aarbanate and magnesium 
hjdnto If MB^daraUfl in amount, will not aa a rnry effective 
rnadimn for renylng down finely divided solid* which othcrwim 
would remain for a long time in susponskm. Vat tills reason It 
Is af advantage where an intermittent pram Is amptoyod to stir 



tab 


partaass 



valar bAh. mbUbdow qvtaau 1 Tha Ja— tpMnw af tha . 
ha aa tnm ttaa jspUaatta aaaonpaajtat J1l> •*. 


throughout the mam of -water the bottom sediment from previous 
reactions just before the addition of the fresh reagents. There 
will tins be aooentoated the coagulating and settling effect of 
both tiie old and the new predjdtataa. 

Seamd, if tennis sulphate, MO*, ar ihunhmm sulphate, Air- 
(BOOn Is added to the nw water In known amount and an 
1 BappHad by tha Dodga Uanobotarinc Ob.) KUtiwsks, IwjL 
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equivalent Lneraue provided in "iiktng up ^ fl Gahdtnn hjdmld6 
or soda uh| the zeeatt will bo the formation of iron hydroxide 
Fe(OH)^ quiokly ohiuiglng to the rod forrio hydroxide, Po(OH) ■, 
or the oomapondlng nhnninmn hydroxide, Al(OH)» Hubs 



A — Wood fiber flur U— Hauifam dun \m 

J-OwnbotwmM - V-* — ]•*— 

0 Boda ufc ■fatfan teak P— Ood* 

J — TJ — mfaiTitfag I ok T — Trmtad wat m namk 

fl— d P-ItwMmvilw 

eoagnlanta an anwwHiigiy aff ec ti ve in dairying down wapenried 
matter. The approximate amount tatuOy employed ia 1 grain 
per gallon or about 1 lb. per 5,000 gal of water. Hie equivalent 
1 Boppltod by the Dodgi IfiBifaetuiBg Okk, lllriianka, Xed. 
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quantity of meant required over and above tho aaloulatod 
amount far the umllng matter proeont would be f lb. of soda aah, 
Na«OOit or § lb. of lima, OaO, or f lb. of oabdum hydroxide, 
Ca(OH)% for each pound of fanoua sulphate ocuployod. 

Indoatrial MeChoda.— While in this dfannmlnn the motions 
involved In the purifleatkm of water havo boon oondderod 



ha jli TmImiiiIiimI pntfutin vrtanit u and fay Uh oUhio *od 
Narthvmtn By. Qd . 1 lb p— p km fti looted batenm tbs two tutau 
Tkm nv vmtar, trmtW vUk fc'dSsM wlstmn, k d ri lm a d 1ml o tfam tWte* 
fmL p, tram fifailb dWimqpd to tho lUit or Wt Un tho voodoo bat or 
tnoA r, ad, r 1 . Tt— toaaja mo p rov ld t d vtth ohnh-off grtamo ihot tho 
booted fits nay bo ddbvM ■ M fao fa r Into am teak or tho oho, 


separately and aa two distinct prooewes, in practice they in 
eomhined into one operation; that is, the mligiUteml amount of 
Ume few treating, aay, 1,000 gab of raw water baa incorporated 
with It the amount of soda ash aa indinated by the sulphate or 
permanent hardsell per 1,000 gal.> and' the two reagesbi thus 
eomhhted are added directly to the water, 


by a U. Dsridu, Obtfshtj^d frhgfater pt Ms, GUm*> 

mm t Hj, On, . 1 - . i » ‘S . > 


4Nc 
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Vary many moahanleal dovieos for automatically measuring 
tho oarroot amount of mA reagent am In ueo, depending In the 
main upon tho principle that a given weight or vohune of the 
inoondng raw witter ehnll oparate oortain monhaninal arrange- 
ments, whereby the proper amount of ohamtani la dtahaxged Into 
the water. lho dovleaa mo of two general type* — the con- 
tinuous and the intermittent In the oontlnuoua type the raw 


i 



water flows into the apparatus and. Is disahazged in the purified 
form ready for we. In the in te r mitten t type the raw water 
jg mfrflg to flow through a measuring arrangement, 

whereby the chemicals in the proper proportion am added , sftsr 
which the water Is brought Into a large settling tank far ths time 
element to enter In for the aooompliablng of ths reaction Involved 
and abo tbn settUng out the precipitates. Both types art 
i Dd|u) bf <* U. Dwita*, Oust* nd Iniliiasr of 
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wff j wU y Uj tiw — nnti«J point In any n— a being that the anfcnmajliy 

devices far me— nring the reagents bo exact and unfailing in 
their opar&tikm. Dhafrations an given of re pr e s ent a ti ve devices 
far each typo, TTiay have been selected primarily with reference 
to their adaptability in the matter of flhieteating the principles 
o I water treatment as oatllned in the tort. 


Tsa r 


ntxt||'|Bd 


dirl o, tan ilnv . 1 


Aifumonta an plentiful far the adoption of aome fann of water 
pnrtfl nation for praetlaaHy evory eort of industrial use. Tor 
fVimnriin and laundry p u r p oses the nftening of the water 1 supply 
by means of the soap employed la, theontiaally at least, far 
more expenrive than doing the nme work with soda-ash and 
lima. Hie vsrioos railway Bjvtame far the mart part use 
of parifleatim plants far their service waters. One oompeny 
with 84 ti eating plants cm its various Hoes shows a summary far 
Wifi as. follows: 1 

1 Ttadgrtfri by Q. E Dsvidn, Owrist and B ngtn s nr of Tata t* 1 *— g» 
4 Niithwtsi By. Cb. 

■ Qpm laafa d by B. G. Bidva^ OUif Ohanrirt, Union Pwlfi* By., 
lui CUy. 

: ? i v ; •• ; •' 


■'Alii till 


in 



boilmh watmbm 


lai 


Total oonmnpUoii tans ta d water, galkos 004,4118,087 

Total Mitisf m a teri al itnmd by tnata— ft, 

pouda l,8U,BKr 

Bavisg In foal, repairs, tat, etaimatod at 7 ante 

pv at Inonurtaata ramcmd $187,171.00 

data of taastmmt, labor, nhnndrah, imtntunaa 
phi* 10 par —L an inntac—i 80,017.00 

Total Ml Brine $100,454.00 

data of 84 tnattag pluta 870,450.00 


Timm XVHL— Basso or Bonn* Wabbm 
Aamadao— nMrrtiw^T B ftT]H Tl .17 TT TTrnuitai Tii|lncr \i Titai 

Tho Agoras np— ml parts par 100^00. 

L V «7 good— Water harisg mwPp™ oaibaoata, aari hardn— Ins than 80. 
8. Goad — Wstw haring sodium oebansta, and hardnos grrntar than 

86. 

Wafer haring snlphata hardn— Ian than 0, or total hardn— 
1— than 80. 

8. Nr — Wafer with "VHrtt ba fcw— 5 sad 10, and total 

hards— Ion than 80, or total haul iins bate— 80 sad 80. 

4. Bad —Wat* with adphate hardn— bate— 10 sad 15, saditotal 

hards— 1— tana 50, or total In i ilnns lies— i 80 and 80. 

5. Tny bad ■'-Wafts with ilphate hards— jnater than 15, or total hard- 

a— f— i tar than 50, 

fwam ta« fitataf 

(A) Vary good — Alkali aatta kaathaa 7. 

(5) Good — Alkali taltobaM— 7 and 15. 

(0) Tab —rAIkall talks bate— 15 and 86. 

(D) Bad — Alkali aha b — to sad 4a 

O) Wry bad —Alkali tabs arm 4a 

Summery of JUttae. — In the preceding dlee—km the various 
eotling ingredients here all been reduced to tho OaOO* equiva- 
lent, ahlafiy for convenience In making oalc ml a tirm a for the 
amoun t of reagent need ed in treofangni If, however, wo here in 
hand tho analysts of a waiter giving the hypothetical combination 
aa tho y fatoa o ingredients are fnppaaed to ooonr in the water, it 
wfll be found more o onv o nl ant to data nee of a table of factors, 
aa on p. 310. TMa, In the ffl dn, has been compiled from 
tlm Bap ort of the Committee an Water Service of the Americ a n 
Hallway Aaghteerlng end Maintenance of Way Ajeodation, em- 
bodied in their BvUM* No. 88, January, 1007. Bee alio The 
Hardn— trf TiHnda Municipal Water Bnppllea, by Dr. Bartow, 
Free, mind* Bode ty of Engine— and BurV e yor a, 1000. 
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BtuuUrda for Indicating Degress <4 Hardness. — The BngJIah 
dogreoe of hordnoB on Clark 1 ! smlo s# It Is usually osllod, ropro- 
Bont grains por Imperial gallon; that b, ouch dogne la 1 put per 
70,000. Honoo, 1 dogroo of hnrdnoM by the Clark Mile would bo 

or 1.3 dogroofl par U, B. gallon. 

It li umul in this country to refer hardness u well aa tho other 
values to parte por million, although tho French unit ia eametdmM 
und, whoruin tho reforaneo la to porta par 100,000. 


Tuu XIX. — Rslatiys Valuwi fui Dnmm or TTiuin— 



me 


^Ssr 

U. .. .Wl 

isor' 

1 part por 1 , 000,000 

0.008 

o.or 

0.10 

1.00 

1 degree OUdc'i Mak 

1.90 

1.00 

1.4 

14.80 


limits of Purification. — It ahould bo borno In mind that at 
ordinary tampamturae tho precipitated material ia aalnUo to tho 
oztent of 8 to fi grains per gallon. Honoo, this ropreee n ta tho 
appnnimato limit to whioh aooling matter oan be removed. At 
hi^ier temperatures tho solubility, eepeaially of the mngnnrium 
product, Is greatly reduced. Bo that, if it wore practicable to 
rein the tampamturo of the water for treatment 0O”ft» the 
naldual aoeln forming material oould bo redueed to 1 or 1.8 
grain! per gallon. 1 

Typical Water* and Their Treatment — In tho table bekrir la 
given the oompoeltlon of a number of typlnalwaton from munW- 
pal auppllea In TlllnnlB, togothor with tho calculated amounts of 
the reegonta eaUod for and the boot of the lame oalculatod on tho 
basis of lime at 10.00 per ton and soda, oah at 88 DO par 100 lb. 1 

Zeolite*. — Certain earthy oom pounds of the nolltlc type have 
the pr o perty af removing oelatura and mignrehim from water 
which la made to peraolate through. them. Huae ootnpotmda 
— ^firhlP jHwt,i nf ■jlumlnhyp and abase whlah may 

be an alkali or an alkaline earth. Then bam are readily inter- 

1 ftntsM, A., 14 Water BofUehg," OUaf ObomUi, tab Fo Bsflwv 
* 1 thu Bfartnr. From Hardiw qf amnWpal water fappUsai Pro*. ID. 
^oe. %*. 

* «■ . ■ . i ‘ J . ‘ 


BOUJUt WATMSB 


188 


o h a n g B ahle, bflnofl their adaptability to the water oaf toning 
prom For examples a water dairying oalchun bicarbonate in 
p—lng through suah a oempound with a sodium baas will 
amhangn one mniiwmlo erf OaO for 8 mobculea of NaHOO* thus, 

SBiOi^OtNacO. + CaHi(O0.). - 

BoHnUUi (kWu 

SSlCVAUO^CkO + SNaHOO, 

IkUnMi UliaBiaitMti 

If the water oontafaed oalahnn aniphate in solution, the motion 
would tales plane in similar manuv, yielding sodium aniphate, 
Na^Oi, to the water in plaee of the GbBO* originally pwmt 
Whan all erf the aodltxm bun haa bean removed, the activity erf 
the noUta oeeune, bat it may be regenerated by pa^ng a nit 
brine through, which mtoraa H to ha original activity. 

Artificial aaoUtea with the maximum capacity hove bean 
devised and an extonrively need in water purification ayateme 
under the name erf "Farmutit" 1 
Thle ability to interchange bean haa bean found to a grea t e r 
or lan degree In many natural deposHa and doubtios le the mote 
rational explanation few the my widely distributed waten erf 
QUus I, whioh an characterised by the pmenoe erf free sodium 
oarbonato and temporary htrdnem only. 

'Die flat water of this type, doobtiaa, to be hroog h t to the 
attention erf resulted from an attempt In 1884 to sink 

a ooal shaft at Urbena, HL At a depth at lflO fL, the shaft was 
abandoned on amount of qnjekmd and mnwlv e water. Hie 
water was made to earn is et^jrapply far berth Urbana and 
Champaign fay putting down xmmardos driven wells with 8-fau 
casings, Two new weDe have reoe nti y bean pot down with 94-- 
and 80-ln, esudngs mpeejtfveiy. 

Hds Initial example was made the aobjeot of some intonating 
stodlea at the Unhanlty of TlHnnls and the ana supplying It was 
fairly well outlined, 1 Waten erf tUa typo an npw known to 
eristand hays bean devel op e d for nee in many kwalitiaa throng- 
oat the state* This is very well riiown in Table XX, where 19 


4 B men, J. F„ and Bakov, Anraao, Tbs iua of flraiti t ia 
■oftedagi HL Rata Wafep Borr., BfA 18, p. NT. 

"■ Paul B. Wt, Tbs renioswaten of a zaflvay avstwn; Jssr. Am. 

J i j 1 >r 
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T iiu XX— T ASM Bnnrm m 


amd nn Amoain or 
TramMUiw Ii*u-' 



of the 28 waters listed am Man to be of this type. NotJoe in 
eaeh omb the total a h s mn e of any of the oanatitaenta whloh farm 

pffpnfl^t hil dDBMi 

In hb study af the Thmnet node and ohalk deposits of the 
London bade, Thrmh 1 eonalndea that the alWaJltm waters of that 
region remit from the maetJans ooeurring as a result of contact 
with that material whloh he shows to be seoUflo in ohnyaotor. 

»T ai— , J. a, “The RaaimUax of Walm and Water SuppHot” 
sd ■&, p. see, ltu. 
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Numerous ofabor region* In JfeigUnd wo known to yield similar 
wiilan. Ibis axpianation la doubtlow applloablo oloo bo tho 
waters of tho mmo typo ao frequently 00a luring In tho drift 
deposits of tho MWarippI Valley. 

In tho etoam, gonomtor, tho sodium oarbonoto of thoso natural 
waters hydrolysb to a vuy oonaldenUo extent, forming oaustio 
soda, NaOH, After mooialro oonoonbmtlon, loaki are Ukaly to 
develop, whom, duo to further oonoantr&ticm, action botwoon the 
aauvtio and tho metal may nwult in aq ombrittiomont and oraok- 
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lug of tho batter plate In the immediate vicinity of thaao taka. 1 
A numbor of bailor eaplorioM havo boom fairiy well demon- 
strated to have resulted from null ambrittHng afloat However, 
In water trontmont whore a resulting alkalinity oooon 
tharo la formod also on equivalent of sodium sulphate which 
dthor boosuso of its diluting or inhibiting oflootj provonte the 
development of crooks. This also Booms to be tho status of 
waters artificially treated by seolltio material. 

1 Pm, EL W«, The wshrittHng tattoo of sodhun hydrorida os mftttoah 
Untv. of HL Hog. Hzp. Bta., BvU. 04, 1017. 
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LUDBKUUflB 


Introduction. — "Next to the oraaarvation of the world's fuel 
supply than Is probably no subject of creator importance In the 
manufacturing world than the control of waste power caused by 
lmparfeet lubrication and needles Motion* . . . Arehbutt 
has stated that of tbo 10,000,000 hp. In use In the United Sue* 
dam af Gnat Britain oanridereUy man than half this amount* 
40 to 80 par oent of the fuel, Is vent in overocming friction, 
and that a oaneidfsabb proportion of this power le wasted by 
imperfect ar faulty hibrinatirm 111 

Any snbstamw made ubb of for the lessening of Motion is oeDed 
a lubricant. By Its nss the snrfaow of sliding bodies aro aspar 
rated by a thin film which permits erf nsrirrr movement than if 
the stnefasea wen In dbeot non tact Lubricants must, therefore, 
vary widely far the dUfarant kinds of work involved. For 
example, the "body” must be suited to the load. Working 
temperatures, both high and low, must be provided far. Chri- 
dUng ar gumming meat not be a property of the material, and 
any tendency to corrode the inetal surfaces must be eluant. 

Lubricants are derived from two main aourcee: 

1. Ofls of anfrmal or vegetable origin. 

9. Mineral qfla. 

Animal and Vegetable Ofla^-AH alia of this dare are sapaniiV- 
able. Hmt is, they are oompounds of fatty adds and glycerins. 
Huy deoompooB to a considerable extant on long s t a ndin g, set- 
ting free the fitly adds. Many vegetable ofls, as linseed oil, 
'readily oxidise, farming a gumming aubst a noe* Only mm- 
oxirtiuUiln ofla are suitable for lubrication. Among vegetable 
ofls the best-known illustrations are alive (sweet) oil and castor 
oil. Arnrmg Miimi] nils, lard cfl is perhaps the most enmmnn. 

J fhural Ofls,— The re aCa am thrived from petroleum by distil- 
lation. Huy will not saponify, having no combination erf 
1 * MUumsr, CL F., /• ir. lad. sad Jbg. Cham., voL a, p. XU, 1010. 
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fatty adde, and they will not nridiw to form "gumming" 
compounds. 

Compounded’ Oils. — The oompomding af oUm Is on attempt to 
lender a certain ofl man efloctive by miring with another oil 
having rightly different properties. Thus, mineral afla may be 
said to be compounded with an animal oil to impart greater 
body or v famxiiy to the mixture; or, a vegetable all with heavy 
body but too little fluidity, may be compounded with a mineral 
tti. to improve its piup tw ty in that direction. Hie peak of the 
vlaoatity effect produced by compounding a vegetable oil with 
a minoral oil fa obtained with relatively lew paroantagoe of the 
vegetable ril, probably not over S or 8 per cent. Beyond tibia 
paint the further addition of the vegetable oil may add an axpenae 
out af p ropor tion to the benefit obtained. Mineral oQe an 
often compounded with each other to produoo oortaln dashed 
properties. (hwaaei an mixtures of heavy ail roriduae or vajeHnc- 
Uka aubatancea with mineral aoap, such aa Ume aoap, to the oztant 
af 80 to 40 per curt, thus giving a mixture of gnat body for 
heavy machinery, ahafting, gaum, ate. Finely pulverised mica 
or graphite fa also rimflariy employed. Graphite especially 
lands HmH to xnnnaroui oomhinationa for the production of lubri- 
cants with epcoiflo properties. An Interesting variation from 
the usual type* fa found in “Aquadag” and "Ofldag” wherein 
the graphite fa so minutely divided that it la pndhln by use of 
pr o p er rikpwn l Ai to form permanent rnmilrinna with both 
water and off. This p r o p erl y suggested to Mr. A c h o wn , who 
developed the material, the rinrignatifm of "Doflocculated Aohe- 
aon Graphite;" hence the term, "Ofldag," ebo. 

Tor Ugh temperatun service the problem haoonwB more 
difficult. An ail murt be eelooted which, will not volatilise at the 
high temperatun employed The principal testa in tho exami- 
nation of ofls have for thrir p u rpose tho development of than 
various properties for example, the vfaooaity and body aa ihown 
by the. yfa enrime tar and apeeiflo gravity, the flash point for high 
temperature uae, arid or —pnrrlfl nation number to show whether 
or not the ofl fa compounded with animal or vegetable material. 

Beaton of their low ooit and the ease with whloh they may be 
varied to meet the different nrm/titinrM u to load, ipeed and 
.temperatun, petrolenm and the products whloh may bri derived 
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thorofrum have oomo to predominate in tho on tiro flokl of hibri- 
•nta. Hydrocarbons of thn gonoml typo, OJI^+i or tho parmf- 
An sorlae uo probalily boot nil tod for lubrleation purposes. 
Hnwovar, boaauso of tho dovolopmant of pr ooowoB for dktilliiig, 
anwking, aud mixing it would bo lmpoaibln to prosaribo a 
ohomioni oom position to oonform to any epodfls typo of oarbon 
compounds. DouhUo® oomo forma am mam nnstoblo frh«* 
others mu] as a ruin, In aorvioo at high tompomturaa ns with auto- 
mobiloe, thorn is a tomlonay toward decomposition wliiuh is 
almost always aooompnniod by tho formation of froo, or perhaps 
more property, colloidal oarbon. Promoters of petroleum lubri- 
cants, h o woTo r , who olalm tholr spooUl oils am without any 
oarbon in tholr oompadtion, havo mom soal than ohomloal sonso. 

Tooting, — Tho mast common and tho bast cetobllfihod tests 
for Indloating tho suitability of an oil for lubrioating propone am 
tho following: 

(a) SpodAo gmrlty, 

(b) Plash and Am tesL 
(o) Vkooslty. 

(d) Froo add. 

(a) Baponlfloatlon number. 
if) MaunnmA tost. 

Cfl) Oonmdson test for aarbuakation. 

(A) Bnulrifloatinn. 

Bpoetylo gratify is dlrootly an Indlsation of the adoptability of 
the oil to tho load. light machinery requires a light oil. lloary 
maohlnory should bo supplied with an oil of not kn than 0.880 
sp. gr. 

flatii andfn is at am somewhat related to spodAo graft ty but 
perhaps are of mom value as indloating the asm with which tho 
Infarieunt was prepared. It Is nko an index of tiie adaptability 
of the oil to use whom high tompnturas nm bivolvod, os In tho 
intern al-oambustkra motor, tho htgb-prenura steam angina and 
ths steam turbine. 

Viaootify Is mam dimotiy minted to spodAo gravity. It k duo 
to the internal Motion of tho oil Iteolf and must Inomeeo in 
amount with tho load of tho moving parts. No attempt k 
made to monsuro the vkoodtioa of lubricants in terms of the 
▼kooslty of water so unity, that is, by fastens which would repro- 
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sontspedflo viaoadties. Special Instruments havu boon designed 
which give arbitrary futon only. The and sought has boon to 
devise a method which would give results which ware oondslunt 
u to their relative vitacs and whlah oould be reproduood with a 
fair degree of aocurmcy. For this reason the vtoooeHy number to 
m re ntogtf n/wampanlud with the Tiamn of the lnafanunent 
by whloh it wai determined. 

frm add remits from oarekameu in the refining proeree 
It ia therefore presumably auiphurle add or ulphonie argazilo 
aompoanda fanned from the unsaturetad hydrocarbons. Hither 
■nii riMMi to ■trendy corroding, 

Sapom&mMon serves u a means far indloatlng tho amount of 
Mnbrud or vegetable all usd in compounding. This with tho 
MmsmmA tret may asm u a fairly reUablo Method for Indt- 
oating the Wnrf of fatty oh entering Into tho mixture. 

The Cowradm ted to an attempt to measure tho tendency of 
an oh to break down and deposit free carbon under ordinary 
bibrlffttirc wmdltJrm*- it to baaed on the theory that upon 
evaporating a given oh to oomplete drynere, the reriduo of 
oarbon remaining whl famish an index of the tendanoy of tho oh 
to decompose ar change ita ohamloal oom position in iuo. 

BmddfaaUon to a property especially to bo ooneldarod in 
three systems of lubrication which dreulate the ah under preauro 
and require that it be collected in a filtering and rettHng ohambar 
for radnmlatfng throng the moving parts. It to a ready moans 
for indicating t pu jhe hydrocarbon oh as dtotinot from one ouiy* 
tog impurities, especially mixtures containing sulphonlo residues 
or tim saponified salts of arganto adds such u oalrdmu or magao- 
tinm soaps. Afto ertanded imrretigitimi fata flia rignifliWMiia nf 
smutolflnatinn, the Amurinsn Bodety for Testing Materials has 
Innhutori this test in its standards for Indicating the purity or 
adaptability of lubricating ofla for qweiflo p ur pos es . Tor some 
ores as with sorew Dotting machines, an emulsifying oh is dcrired. 
For forced feed systems a danmlatMng oil is 
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Introduction. — Tho prooodnn as how onUInod for tho proxi- 
mate uniilyata of ooal follows substantially tho filial roporb on 
methods of analysis as adopted by tho joint oonunlttoo of tho 
Amorloon Choraloal Booioty and tho Anurioan Sodinfcy for Toatlng 
Matorlala, 1 Tim preliminary ropmt of this oonunlttoo 1 oantaiiw 
muoh do toll of valuo relating to manna of orror and gonoml 
oondltJons to bo oborarod In tho proeuring of aoonnUo results. 
Tin final roporb is In a innoh man oondanood form and la 
lntondod as a guldo for ororyKlay prooodnro In oonnootion with 
ooal contracts and inspootion. 

The Laboratory Bample^-Tho preparation of a working sample 
for tho various analytical proeouaas moat bo carried oat with 
spocfrl refvBnoo to tho ahtuf eonddamtiana which govern tho 
taking of tho gnaa miopia. For examplo, than must bo main- 
tained an oron distribution of Impurities throughout tho maple, 
A oortain ratio of alio of parthdea to alia of aamplo moat bo 
observed. If tho gras aamplo aa It oomoa to tho laboratory la 
not orror 0 lb. in amount tho cm tin aamplo riumld bo lino onongh 
to paw n sareon. This means that tho largest partiolo will 
have a dlmondon nob greater tlian -A or } in. Bimflariy tho 
working aamplo of approximately 00 grama must bo snfflolontly 
fine to pus a OO-mash atevo. With thla ndaotion In also tho 
tendon ay to aggregate Is lnoroaeod and the opportunity for 
mobture ohanjoa la gre atly augmented. Thla is an aepoololly 

■ lUparl of OammiUoi 5-4, f«M An. Boa for Tasting Msi, p. 500 1 
Jans, 1010. 

*/mt. of IkL ud Bog. CBwa, toI. S, p. 51T, 101A. PaUHiad sbo In 
Pm, Asa Boa ft* lWig UsL, mL 14, p. 411, 1914. 
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Important feature to keep in mind in working with TIHnnfa ooala 
which hare an Initial free moisture factor at the ttmo of brooking 
oat of the of from 8 to 18 per cent. There ooala also afaaorb 
cayman rapidly, espodally whan finely divided and at slightly 
elevated temperatures. This la the ohief factor in deterioration 
and loss of beating value. The freshly prepared unpin will bo 
found to give higher values than an old one. 

Moisture Lore on Air Drying. — Spread the "aa-roodved" four- 
mesh sample to a depth of | to f In. on a waigho d pen about 18 
by 18 In. by 1| in. In depth. Weigh and air dry at room tem- 
perature or In a special drying oren through which a onrrent of 
air is eironlated and in which the temperature is maintninod at 
10 to 18*0, above of the room. Weigh again after 18 to M 
hr. The m o is ture content should now be in approximate equi- 
librium with the moisture of the air. This will moan a moisture 
factor of from 8 to 8 per cent. It may bo Indicated by the faot~ 
that e *vM Jn T T i 4 ifm of the drying prooere will nob show a lore of 
more than 0.1 per cent per hour. Note the lore of moisture on 
air-drying and e didnt* to per cent of the antire s&mplo as 
reedved. 

Working Sample* — Pare the air-dried aamplc entire at once 
after final weighing through a grinder of the oofloe-mlll typo ret 
to grind to about 80-mesh. Immediately after parelng through 
the grinds, mix and riffle down to about 600 grams and trends 
to a pnrofilidn jar of an Abbd ball mUL The jar should bo not 
over one-third Ml of pnhhhfranri the ooal sufficient In amount to 
have a partial wafiionfng effect so the pebUes will not strike too 
hardily upon the wall of the jar. A measurahln lnoreaao in ash 
may rereh from abredon of the jar. TTie ooal should bo pulver- 
ised to 00 medi whloh will be oompleta for bituminous coals 
in about | hr. The jar dbould tom at about 00 r.p.m. Soparato 
the pebblee an e oouse sieve, mix and riffle the ooal to a labora- 
tory wading sample of about 00 grams, all of whloh should pare 
a 60-mash deve. The sample fa put in a 4-os. bottle and dared 
with rubbs stopper. The time occupied from the opening of 
the jar to the final enduring of the sample should nob be over 8 or 
8 min. 

Moisture in flu laboratory Sample. — Determine the moisture 
on the 00-mcsh working sample, fay weighing, out 1 gram fn a 
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glam oapeule and drying With tho sow off at 104 to 110*0. for 
1 hr. the oarer, ooal in the dodnoator and weigh. Hio 

loa of weight is tho amount of, water in the sample, Sara for 
aril determination. This nun pie is nod for all of the analytical 
determinations. Oeleulate eaoh rahie snept the mdsture factor 
to the dry beds. 

Total Moisture (a ). — Hie rahie for total moisture on the 
sample “BS-reodved" is obtained by oombfotng the loa on air 
drying with the molstore factor found on tho air-dry ampin a 
Just described. Then two faetoxi oannot be added of ooune 
until brought to the tame bash of reference. Calculate the 
moifture found in the air dry ample to the percentage it would 
bo of the original ooal “at reodvnd" and add to the loa an air 
drying. Thle will give the total mniature percentage. Special 
attention should be glnm to methods of calculation diacuaed 
under f< Calculations 11 at the end of the chapter, ■ 

Total Moisture (6). — Another method whereby the total ,f ae- 
rooefved” mulsUire is .obtained directly and which also has 
certain advantages and la probably in more general un la u 
fallows: Immediately after pa^ng the 8-lb. groa ample through 
the ooffoe-mlQ grinder for reduction to 10- to 30-mreh ala, it ii 
spread out in a ahallow pan and by means of a spoon a 00-gram 
sample Is takan from Tarioua parts. This is planed without stor- 
ing in arabbor-stoppered bottle and labeled w Fur Total Moisture.” 
Weigh B frame into a ahallow alnmtmim dioh with su i ta ble ghua 
oarer and heat with the oorer off for 1# hr. at 104 to 110*0. 
Dover and cool In a desiccator over ocneentrated sulfuric add 
ap.gr. 1.84. Hie lore in weight calculated to par cent represents 
the total mo is tur e of the ooal "aa-reodved.” 

Hie main portion erf the sample is air-dried in a shallow pan as 
described under that paragraph but without regard to moisture 
lore. When the moisture content is reduced to B to B per oent, 
the sample is thoroughly mind and reduced fay riffling to about 
190 grams. It ii then putorired by any suitable method to 00- 
mesh, and the moisture determined by oven drying at 104 to 
110*0. aa desaribed under " Moisture in the laboratory Sample,” 

Aah (a), — Tranafer the 1 gram of coal remaining in the glim 
oapaule from the moisture determination to a ahallow porcelain 
idling dish. Place on a triangle 2 ar 8 In, above a Bunsen flame. 
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It be left in thk HnnrfWnm without attention for 15 ar 90 rain ., 

when of the aarbanaaeoua matter will have bean burned off. 
Lower the <Hah to within jl or § in. of the flame and leave 
without attentiim for an equal length <rf time. Ooaeriannlrtining 
with a pi«^nnni or mhnn win will foollUate the oxid ation, 
jttujjy plaae the aapsule in a muffle at a dull or 

ebony rad temperature at 700 to 750*0. Ten minutes In the 
muffle AfiiH be mpla far burning off the loot traeea ot oarbon, 
D special ashing dlehea and a muffle are not available, a poroelaln 
enufble and No. 5 -Maker burner may be need but apodal oare 
■hould be given to the temperature employed and a nffln l ant time 
O allowed with oeeadonal stirring to insure oompleto burning out 
■ of all aarbanaeeoui matter. Cool in the deaiooator and wdgh. 
Subtract the wdght of the anurfble and eomputo the weight of tho 
uh to penantagB of air dry oaal. 



Via A 


Aah (6)j — It Ofwatirmally oooum that ITHnnie ooala are met 
with, haring a percentage of CaCO^ wbioh makes it advisable in 
aazefnl work, especially where unit eoal valpes an involved, to 
modify tite usual method for- the determination of aph, When 
the OOa value, far example, exoeeda 1 par oent, or when the 
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eeldte ia In mm of about 9 per oent, these modifloatione 
should be observed. He reason is obvious. The onm hi nation 
of VA and CeOO B in the prom erf ashing produce Pfe*0, and 
OaS. He latter, however, tiowly arirtiene to OaBO. It ia the 
uncertainty bb to the oampleteneB of tide ohasge whleh makes It 
advisable to proeaod aa follows: 

After the preliminary burning off of the aarban and eoaUng, 
the aih is moistened with a few drops of eolfario add (dUnted 
1:1) and after eoreful application of heat to avoid spurting, is 
heated to TOO to 7fl0°0. and retained at that temperature far 



8 to 5 min. Oool in a dadonator and Weigh. Three times the 
equivalent of oarbon preaant as OaOO B la subtracted from the ash 
os weighed in order to restore the weight of the CaSO« farmed to 
the equivalent of GbOOa. That is, 

80. -80 
80-80 

80-80-44, OOi equivalent 

By referenoe to the dim od a timi tmip e r at uras at normal pwure, 
Mg. 98, far -aaldum carbonate it Is evident that it would be 
futile to attempt to ash a high opddte ooal -at a temperature 
mfflehmtiy low to avoid decomposi tio n of the OaOO.. By 

n 
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referennto Tig. 90, howerertltia evident thataoomplete tnoafar- 
matinn of the OeCO» to 0e80< would permit the tub of a tem- 
perature of 700* without lore, 1 

"Volatile Matter, Official Method. — The official method for 
determining the volatile matter In ooal aa Ind ic ated by the joint 
emmnlttBB an ooal analjaiB In the Jmrnal of Industrial and 
Engkmring ChnmiUrf preearfbee the use of a platinum artudbfe 
with capsule caver fitting Indde of the araafUe, that la, takecoping 
i to i In., lnetead of an ordinary oorer resting on the upper 
edge. 'Ihe crucible with 1 gram of ooal la plaood In a muffle 
main tained at ONTO. (±90*0.) A. vertical etoofcrloaHy hooted 
muffle la easy of oonatmotian and Tory aathfaotary for thla work. 
On aeoount of the variation in pram s and heating value of rity 
gee it la dlffloult to obtain oonalatont results with tho Buneon or 
Maker bunam. A muffle heated by gaa and maintained at tho 
proper temperetore le much to be pref e r red to booting by the 
direct flame. On aoeount of the expense of platinum, tho no of 
an IlUum anurible may be aobstitutad In dnaa work aa IndlMipd 
below. 

It le to be noted that any method whloh retards tho trana- 
mhrion of heat to the ooal will result in a lower Indicated amount 
far volatile matter, and a ecrra apom Hngly higher prawnfayi for 
fixed carbon. The Pllnm alloy ahould give tho aarne vnluea aa 
whan uting platintim. In the abaenee of a ml table mnffie It 
may be porible to make am of the flamo of a luge Maker burner. 
By zneane of a thermocouple it ahould be determined that the 
flame temperature of the gas need la well above 000*0. and a 
burner need of anffl riant rise to oompletoly envelop the HHom 
orodbla and oapsule oorer. Thla la fairly well oooompllahod by 
hob of the No, 6 Maker burner. Where porcelain araribles an 
the only onea available the dlaerepanalai from the official values 
are apt to be large. Fairly oatiafaetoiy reaulta may be obtained, 
however, by uae of a No. ft Maker burner and aooumulating an 
advanoe heat apply aa indicated ip the next poregmph. 

Volatile Matter, Poroeldn Crucible Method. — Beleot a pome* 
lain oruolble with we&fltting oorer, Ignite, with oorer, in- the 
flame of A No. ft Maker burner to a dull-red beat, cod in tho ' 

1 UL Stete QeoL Burr. Ooom Bug I, pp. 80-80. 

• Vd. ft, p. aaa, ins. 
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doeicofttar and weigh, Place anltiirimmtrian^ovvthebarnar 
and over the triangle plaoe an Inverted 90-gram aay arudblo 
with the bottom ground off, exposing a hide a pproxim ately 1 in. 
in diameter. Whan this apparatus la heated to u high a tem- 
perature m pomthle, removo the Inverted araafhle, pat In jA*** 
the poreelain arodble, with raver an, nrm tuning the 1 grim of 
air-dry ooaJ, and res to re at anoe the prepend ana y crucible. 
Continue, the heating for 7 min. and at the end of the period torn 
off the flame and remove the amay crucible but do not disturb 
the oover af the paroelain onidhlo until the same haa been redoeed 
below a red heat Tranafer to a dealoeator, oool and weigh with 
the oover. The Ion In weight minus the molatun proaent la the 
weight of volatilo matter. 

fixed Carbon. — The ran of the pareontagaa for moisture, 
(an tho air-dry or working somplo) ash, and volatile matter, 
subtracted from 100, will leave as a remainder tho percentage of 
fixed earbon in the sir-dry coal. 

Calculations. — A type of computation la oemstantiy employed 
In oonneotion with fool analysis, which, while mnnmllhdlji elo- 
msntary, Beene not to have been encountered by the avenge 
atudent in his publlo school work. Or poribly then simple arith- 
metical concepts, once familiar, havo been f or g o l io n beoause of 
the lack of even occasional contact. It is urged that the student 
revive hie acquaintance with them to the point of ge nuine 
familiarity. 

Ha working sample of coal which Is umd In all of the analytical 
prooeMM has been brought Into appr nTlm s ta equIMbrinm with the 
air so that its content of moisture will not appreciably ahmg* 
daring the prow of weighing oat tho amount to be taken far 
each determination. The preparing of this air-dry sample fa 
therefore far the purpose of securing great® accuracy In weighing 
and la a matter of particular oonovn to the chemist only. The 
remits obtained on that unusual or specific ample are of use to 
no one else and should not be reported in that form. They must 
be ^nlntrl either to the dry, that is the “moisture free," batis, 
or to the wet, that fa the “ as-reoeived 11 basis, or more commonly, 
both sets of values are Inrfuried in the report. 

To transfer valnaa obtained on the air-dry sample to the' dry 
Batis, the motors faster fa eliminated and the resulting values 
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total 100 per cent. Each value obtained an the air-dry bads 
therefore hi divided by 1 minus the oantent af moisture. 

The Tabus obtained on the air-dry sample oontaln a moisture 
factor and total 100- pv tank To tranafer them to the ”os- 
naetTed" barfs there to to be restored the mrfrtan loot on air- 
drying* ' The matting Tabus, inducting all the moisture, must 
■ total 100 per coat. Hie new rahus are oompoted thorofaro by . 
multiplying the air-dry Tables by 1 mintu the lore on air drying. 
Note, however, that the sum will not oqual 100 per oent unlore 
that pr o o ore is applied to the moisture factor of tho air-dry 
material and this Tabu oambined with the moisture lore an air 
drying. 

It may be that the moisture lore on air drying has not boon 
obtained but the somewhat simpler method has been folio wod of 
taking a apodal sample far total moisture. In this oeae osloo- 
late the air dry values to the dry bads and multiply these vahua 
by lmhnre the total moisture found in the "aa-reorfvod" sample. 

The reasons for these Tmrlous prooesree should be dearly 
evident to the student. A simple formula ooa then be developed 
as a working oonvenlsnoe. Koto that the general prindplo Is 
Involved in many other eonneotiona. For example, tho cor- 
rected ash as well to the moisture are eUmlnatod In deriving the 
values for unit oosl where the only Item wanted is the host valuo 
to be Imufemd from the "wot" to the “uqLt-ooal" barfs. 




Fio. SO*— Far pa roifc to mi tu I— la, Aoviac dataHs of w — tnm lliia 

for flIHng with water. Theoubidfraf tha oan should be dry , and 
no water ahonld bo allowed to apfll owr into the air spues erf the 
Imbuing vass a ll. 

Exactly 9 Uten of water (pnfoaUy dlitflled) an used* and 


f 4 * * -i 
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It should have a temperature of 2 or 8*F. below that of tho room. 
The thermometer, T, should extend a tittle oro half way to tho 
bottom of the ean. Tbo pulloy, 8, is oonnoetod by a light, 
flexible eord whh a small olootrio or water motor. Btlrrlng fe 
off acted by tho spring dips with turbine whiff, W, plaood oa the 
bell body. Tho pulley, 8, must bo made to revolve at a rather 
brisk rote. About ISO r.p.m., uniformly maintained, will 
insure a complete equsllntlon of temporature throughout the 
water. The pulley should turn to the right or as the hands of a 
wateh. 

Tbw^iim of the extendod uao of the peroxide aalorimotar by 
eng! neon in oonnootlon with tho nhooking of ooal deliver! oe, ate., 
than instruments ere ordinarily suppHod with thermometan 
graduated In degrees Fahrenheit. Results are thus given dlnotly 
In B.t.u. In thia dtoonsdon oonoernlng tho ueo of tho peroxide 
cal ori me t e r , therefore, that typo of tharmometor Is ssnimod to 
bo the one used union otherwise indicated. 

The Fort Sample*— If the amount of moisture in the alr-driod 
ooal is leas than 1 or 8 per cent, no drying in the oven is neeoh 
■try far the determination of oalariAo value. Ono-half gram of 
air-dried coal is used sod the detailod directions should bo 
followed as gtv« below. 

Oonoernlng the amount of moisture psrmUble in tho foil 
ample, it hae been indicated 1 that the temperature rise In the 
Apparatus sa xaed, due to the absorption by the obondoal, 
NatO* of 1 gram of water is 0.668*0. In a H^sram sample 
tharefaro, % per esnt of maieture would represent 0.01 grnm of 
water which if showed to ecrnihfaw with the NatOi and if si the 
beat generated by that abaorpthm were included in the ealo- 
rimoter prooros, that amount of mdstore would produce a rise of 
0.01 X 0.668 - 0^066*0, ■ This temperature rise would that 
pause an error of 0.0066 X 8,100 ■ 90 oaJL, which will give suffl- 
rieut reason for avoiding the use of a ooal withehighporoecUff 
of moisture. Urn error for 9 per oent of moisture would bo 1m 
than the flalfiulatud amount, due to dissipation of the heat of 
itiraptUn. before the thermameteio readings were taken, but On 
porfrfftty of an appreciable error la easily guarded a ga in n t, 

» Oaortaata of the Pair mlorimefcw, Jaw. Am. dusk Boa* tdL 9, 
p. 1616, 1907. 
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Tin C hunk tlt Sod tom Ptroxldi $a &%. — It is absolutely 
non wary that the ahsmteal employed (eodlom peroxide) be kept 
free from oontaunfaiatfon, It hex apodal avidity for mabtora, end 
the glare Jar whh lever faetooer, aa ahown In Fig. 81, haa been 
found best adapted aa a container for this material. The 
■odium pcmrlrio le furniahed In mall natal tins, and the entire 
eantenti af a oan, upon opening ihould be 
tnnaforrod oampletely to the jar. Hie' 
half-pound tine wQl usually be found the 
moat oanwilent bIsb to ore. In any o vent, 
the glan jar ehould be of anffldant rise to 
pandt at the oamplete emptying af tho ean- 
tainer. Oommerdal sodium peroxide or 
materiel that haa been mu oh expend to 
the air eo that any oonridemUe amenni 
of moisture haa been absorbed, will give 
variable and unoartnin reanlta. 

The Accelerator t Potaarinm Chlorate, 

KCtO * — In order to More a combustion 
that ihall be uniformly complete, it haa been 
found desirable to nae an aeeelerater for 
the purpose of fonranring or intenrifyfog the 
oxhHring effect of the ■ndlnm peroxide. 

While numerous ohemloal mixtures have 
been tried, a very extended experienee haa it evident that 
potaarinm chlorate la beri adapted for tUa purpose. The amount 
needed for each charge la weighed oat In the euna manner aa for 
ooal One gram fc tha weight taken for foal of all types. 

Making Up the ChargSw— See that the .floating bottom la In 
plaoe at the lower end of the bell body as shown In Fig. 83. The 
tenor surfaces should be dry so that the fnrion cop, when put In 
plaoe, will be unrounded by an air ipaoe with no film of water 
prana ti ThO foridn cup also should be ItatwpMy dry bride 
be f o r e adding the aharga. It k well to dry It over a rtMmitm at 
hot plate, thoagh it ehould, af eoune, be oooled for fitting. Add 
to the fasten cap, not aaen&Ued, 1 gram of accelerator and one 
foil measure of sodium peroxide. In. fflUng the measure with 
peroxide it should be tapped against the ride of the gtaa Jar to 
insure against the formation of sir pockets which might p r event 
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the eomplete filling of the measure. The meaeare haldiappiurl- 
metely 14 grime. The aune precaution aleo as to the drynen of 
the measure should be observed u for the fasbdi sap. It should 
be rtneed thoroughly with top water after each tiring, and dried 
by hearing over a radiator or hot plate. If the aeeriemtor ia 
hnnpy, It is well to rub it smooth In the bottom of the forioc sup. 


t 5 



!».«•. ... , hag. i 

Via Hr— Fvsddi «IqHmat* bomb, ibovinf tUUlk of aoaenwtlvn. 
Tm. Mr ~ nfi»h my witti Ump o nr/ Wp'(k«>eri riefr. 


CSoae with the temporary top, Jig* 88, and riiako'ilemiMf 
until the ingredianti are evenly’ mizad. Add nowf. grasp: of 
poaL Beplaoe the temporary oap . and shake again. Avoid 
exporing the mixture to tha air jpore than la ahedbtely noeewry 
owing, to the exfeenip avidity of the ohetploal for moietan. 
When mixing ie oqnpjete, tap the trap lightly on the desk to 


■h^ke all of the Jjna^erjal jfr^nhihp ^pjjr pftft of the;,oohtataer; 
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removo the temporary cap end pat In Ite plaeo, at anae, the 
regular cap with item end ignition win. 1 To attaah the Ignition 
win, take a single length of fan win 7 am. long from the aud; 
pen one aid through the eyelet of one of the trainate so it wflf 
attend beyond the eyelet, say 1 am. Wrap the free wire around 
the tsminal at the narrow portion formed by the noteh, giving 
It three tarns, binding In the free and and bending the wire 
finally downward In line with the terminal. Repeat the nma 
prooGB with the other end of the wire In the other terminal. 
' Do not have the fuse loop too long. It ia better if H does not 
extend too far into the charge. It wffl. be noticed that the 
ohargo fills the am dblo at looet two-thirds fall; hence, 1 cm. 
extamUm of the faso wire below the aantml terminal will be 
, ample. 

See that tho robber gasket la In good shape and that the 
stem oap mats ttoolf properly. It ii to be noted that the gaaknt 
seab both the upper edge of the enuOde and also the upper edge 
of the boh body. Marring the edgea or rims of any of than 
parts, therefore, must be carefully avoided. Screw down the 
cap, dj firmly in plane by obb of the two wrenahea; put cm the 
spring dips with the stirring vanes downward, leaving the snail 
hobs near the lower edge of the bell body unoovered, and swii ill ill i 
as shown in Tig. 80. In awwnihttngi add 3 tttoa of dfctHbd 
water having a temperature 1 to 3*F. below that of the room and 
plhoa tho can in Ha proper portion in the insulating chamber. 

Ignition. — The carrent required far Igniting the charge should 
be from 3 to 4 amp., and ia most readily obtained by means of a 
rheostat or sliding resistance eall placed in aariee in an ordinary 
lighting circuit of 110 volte. 

Maks a number of praUmlnaiy tarts by fastening a loop of 

1 Farttaolar attention Is aaDod to tha nwHj of obtaining an im mb* 
tore of tba bgradlsta. If the aaMlmrtor (KOKH) and ood liana amtwd 
STkknfly npbdra mtxtuxi moils. If tb» mixing la oopoody dona that 
lamps of aHmUmtnr and ooal besoms mgragsted, a too groat «**■*"*♦>**— 
during thameottmi may oamr. Mewls aorperisl ihrinainanjpartteolar 
ardor of adding the ingmHmta 3ho shorn matted Is boibrod to mote 
■■only promote orwmwsof dbldbelten. for tbma reasons Iteo too mdbmt 
p o rcu ddi duold not bo gnamhr bat ritoald- ham the appoamea, wten 
omptkd into tho gb* oontafaw, of a Button* powder, wnUh would pm*. 
tteaOy all pom a 90 modi riwrn. 
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ftao wire to tho terminals and paring tho currant without 
■■wnhlhn tho ports* In this wsy tho bohaviar of tho foso wire 
can bo ofawrrod. MbJeb a trial with varying radstanoos. If 
tho wire does not oome vary qniaUy to Inaanrionanooi dooreaso tho 
rwriotin rwi until it malts in only 1 or 3 boo, after olostng tho cdronlt. 

Temperature Headings* — The thermometar is inserted so that 
the lower end of the bulb will be about midway toward the bot- 
tom of the asn The pulley should be allowed to revolve a few 
minutes before reading the thermometer, in order to equaUre the 
temperature throughout the apparatus, Take readings one min- 
ute apart for four or five intervals before igniting tho charge, and 
continue the same for 0 or 10 min. subsequent to ignition. The 
first three or four readings after ignition are roughly taken, bat 
after the fourth or fifth minute the temperature should be nearly 
equalised, and the readings must be oarefuHy taken in order to 
areatain the exmot marirnmn and to furnish the necessary data 
far a correction for radiation. If the temperature of the 

water before ignition is 1 or 2 degrees below that of the zoom, tho 
temperature at the end of the first minute after Ignition will be 
eometbixig above that of the roam, and radiation far that period 
may be oonridered as self-correcting. Ordinarily, the riao in 
temperature will eontinue for about 4 min. mare, at which time 
maximum temperature will have been reached. The radia- 
tion far this period is found ai fallows: Bead the fall In tempera- 
ture for each minute for 4 mid. after the maximum has bare 
reached. Hu average drop per minute re pre sents tho oorrectim 
to be added to eseh minute preoading the maximum, exoept for 
the minute immediately following i gnltimi. Tim final tempera- 
tore thus oorreeted far radiation, minus the initial reading before 
ignition , represents the total rire in temp erature due to the 
reaction in the furion oup* 

In reading the thermometer a suitable lens should bo used, pref- 
sahly mounted In a to eliminate err o rs of tho paisl- 

lax. Tap the thmometer lightly before f w "g a meeting in 
order to avoid irregularities in the surfaoe of the merauy. It 
should be renumbered that «ron in reading the thermometer are 
multiplied many tte— in the final « ft iw p n tf i tifitL Bq-VHntfT 1 
of temperatures riuuld be oompfete in about ft min. Hill will 
llwayu be the ease if , in the proeere of eoollng, water has boon 
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drown into tha narrow air spaoce unrounding the furicn oup. 
If by aomo misehmoa this entrance of the water ehoold fall td 
tabs place It wffl. be fn dine tod by an abeecoe of water within the 
holder around the bottom and lower part of the foalon cup. It 
wlfl be evident also by a alow but vwy evident rin of the meronry 
over a period of 10 or 10 min,, doe to the alow oanduetanee of the 
heat throned the limited ueu of metal contact between the 
holder and the oap. 

Celenlatlona. — Prom the total dee in temperature, oorreeted 
for radiation ae above indicated, subtract the correction factors 
for the heat due to the ohemlcal, fxwe wire, eta, ae 
und« ''CorroothmFaotan’' below, and multiply the remainder by 
8,100.. Tho product will be the number of British thermal nnite 
per pound of coal (boo notea (a), (6) and (e) below). 

It la to be noted that the heat value aa derived, refan to the 
ooal in the form In which it la weighed out for the deter- 

mination. That la to aay, if a ooal having 0 per cent of moisture 
la taken and t gram of the eazno weighed out and dried in the 
oven at 212* for 1 hr., then burned in the colorimeter, the mult 
obtained refen to the coal an the basis of 5 per cent of moi stu re 
and not to the coal as in the oven-dry state. 

To oaloulate values to "dry ooal, 11 divide the number by 100 
minus the per oent of moisture pram ! Thus, a ooal having 
0 per mt moisture and Indicating 11,000 B.tu. would have 
11,000 4- .00 * 11,070 B.t.u. on tha "dry-ootl" bula. 

Nob (a), Correction /actors- — The method for obtaining the 
octree Han far radiation has already been described under "Tem- 
perature Reading." The other correction components are 
listed for convenient reference as fallows: 


Merida foes wire equals 0.001*0. or0.00B*T. 

Vm Mil atii la mattiptied by. 0.0018*0. or 0,006*T. 

Psr mb* nlptor k maltipHtd by Q. 006*0. or 0.01 0*T. 

1 gnm aeariaaior oqula 0.180*0. or O.fTOTT. 

Hydration betas I 

Tor aHUtnrelmu eaek 6.040*0. arO.OTD*T. 

Tor fabric Sgnttaa 0.068X3. or 0.1007. 


Nob (6). — The factor 8,100' la deduced ae follows: The water 
used phie tha water equivalent of the motal in tho instrument 
amounts to 8>128J) grams. In tho reaetlan 78 per oent of tho 
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heat la due to oambustion of the ooal.nnd 27 par oeni la <luo to the 
heat of oamhhmtinn of 00* and H*0 with the ohartrianl. If 
now | gram of ooal aaoeca 8,188 J& grama of wate to ileo r degrees, 
and If only 78 per cent of this b doo to' combustion, than 0.78 X 
3,188 3 X9Xr- riae in tamperatum which would readtt Cram 
oombuition of an equal wdfht (9,188 3 grama) of ooaL 0.78 X 
9,138.8 X 8 «* 8,100.00. The factor 8 b used isatoad of tho 
dhrlaar 03, the wdgbt af ooal token. 

NoU (c).— The hydration factor re pm aa nt s tho hoot of com- 
bination b e t we a n the ahmnloal and water of decompodtioi and 
b a different item tram the water of combustion which forma 
from tha burning of the available hydrogen. The oxygon oom- 
poonda of ooal an liberated aa H*0 or 00* and praduoo a mall 
increment of heat upon uniting with the No«0« which can not bo 
credited to the true heat of oombuation. Hence, correction, b 
applied far each compounds. Thb foatnre may obo be well 
ffluetmted in the oaae of add whose formula (OrH^Ot) 

showt the preaenoe of an equivalent of 3H«0, the heat far tho 
ahaaptian af which should be oarreoted for and not counted aa 
a part of the true heat of combustion. 

To Dismantle. — Remove the thermomotar, pulley and oover; 
then take out the can and oonteuta entire, ao that the lifting out 
of the cartridge win not drip water into the dry parts of tho 
instrument. Remove the fudon cup and placo it on Ra rido in 
the bott o m of a beaker and oover with hot wator. After the 
fwed material has dkadved, remove the cop and rinee thoroughly 
with hot water. Wadi tho face of the cap and electric terminals 
thoroughly. Tar thb purpose's jet af hot water or submerging 
in balling water b advbahle, as the metal b thus loft dean and hot, 
the latte facilitating the drying out of the porta. Place the 
parts on a radiator or near a hot plate to insure thorough drying. 

Anthracites and Cokfe — In tho oaao at anthracite and coke, 
H b well to nae 03 grama of benaoie add along with the 1 gram 
at accelerator and i gram of fuel Thb substance facilitate 
ignition sq well aa the ultimate oambuation. The heat rentting 
from the aambtutian of thb. extol 03 gram of beneoie add, 
which btb be corre cte d for along with the Other tarnation oom- 
pandnta, b 1300*7. Tor herd fuab of thb type It will bo 
fotmdaf advantage to gijlnd the lampb to pama 100 maahalevo. 
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For Petroleum Oil*. — The amount of all mad for a ohargB 
should not exceed about 03 gram; from 030 to 030 gram string 
tho proper oambustinn. The weight of oil is beat obtained by 
moons of a small Hgfrt 16 oo. waging flask provided with perfo- 
rated aork and dropping tube with rubber bulb-aap. 

Weigh the flask and oontente, and by means of the dropping tube 
dleahsrge 90 to 80 drops of all and ro-wdgh, thus obtaining the 
weight of ofl token by dUfermun. Detandne, by experiment, 
tho height in the dropping tube required far tho approximate 
amount of oil desired so or to avoid trial weighings. 

One gram af accelerator and one fall measure of ahemloal 
(sodium peroxide) are flint added and thoroughly shaken aa 
already indicated. Also, to facilitate the ignition af all afls and 
at the mm time promote the ultimate oambustbn, it ie recom- 
mended that a snail amount (03 gram) af bsreala add be used 
aa described under "Anthradtes and Coke." Add the all and 
ben solo add last and mix thoroughly by shaking as already huti- 
oatod and oamplete the proccre exactly as far ooaL 

Note that thorough mixing by shaking is not oasfly oooom- . 
pitched In the oaae af thlak vIbooub alia. After thorough shaking 
of the aoee lam t o r, ohoadeal and bensalo add, the thick all durald 
be added, a few (hops at a time and stirred with a nldhrome win 
till there is no mare tendency af the ail and ahemloal to segregate 
fntn Vrrmp*. After nlndng the bomb, a final will insure 

on even distribution of the ofl throughout the aharga. 

Oampute by of the formula os fallows: 

Oarooting sa under oosle far radiation, Moderator, bensalo 
add and fuse^wire, and letting rjeprreent the rise in temperature; 
then 

' r P® 1 " P 0011 * 1 

OasoUne, Bto^— Far ben sene and other very vdatflo 

hydrooarbons the dlflleulty of ps—fdng sn aoeurate wdgbt of the 
material taken is met by the following procedure: Drew oat 
an ordinary - soft glare tube into a eapflisry about 1 mxn. in 
diameter. By softening tho did it may be blown into a snail 
thin walled bulb aa shown In Fig. 84. Aftv a little preetioe H la 
not difficult to {flow such bulbs to weigh Ires than 0.9 gram. 
They are used es follows: Weigh the bulb carefully, then by dip- 
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ping the oapfllaiy end into the liquid and alternately wanning 
gently (uiH po oling bnlb a quantity of the liquid may bo |r||> ^ B 
to flow up into it. Whan about (IS gram la obtained, aoal the 
tip of the oapfllary in the flame and weigh aeourately. Add the 
aeedaator to the fusion oup In the usual manner rednntng any 
lump s to a fine powder. Add aleo 0.9 gram oarefuHy milled 
standard benaoie add and the bulb oootaining the liquid foal, 
than over all, the measure of sndhim peroxide. Prera a glass 



rod down through the eh«niaal above the bulb }mfc auffldent 
to break it, Eemove the rod whioh should be freed from adher- 
ing partfadag by doming it in. the upper part of the aodimn per- 
azide si yet mucked with any of the other ingredients. Put in 
plaoe aa qtdokiy ae podhle the ignltfnn top with foie wire 
stteohed and elamp firmly in plaoe by meins of the screw oap. 
Shake very thoroughly to insure oamplete mixing of the charge. 
Tap lightly an the desk to faring all of the material together and 
■■amble few the regular prooedure. In aahmlatiiifc a oomotlon 
is neoearary, in additlan to those normally observed, on amount 
of the heat of fusion doe to the glass present. This amounts to 
0.08*F. for each 0.1 gram of glia used in the bulb. This dionld 
bo subtracted along with the oraxeotiun for moderator beneoto 
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add and faio wire. Tho earns ted riso, r, la than used In tho 
formula. u above given for petroleums. 

Standardisation. — A number af mothoda far thn standardim- 
tlan af tho peroxide aalarimatar may be naad. (a) By calculating 
the water oquhralant far tho metal a vary aafdafaatary factor la 
obtained which eorvua aa a constant in ea1 dilating the heat 
vahua. The accuracy of this method In eanneotian with the 
peroxide type af Instrument Is due to the relatively small amount 
of metal employed In ita oanetaruotian, together with the fact 
that all metal parti on standardised aa to wdght in the prodeaa 
of manufacture. Urn total weight of metal not Inducting the 
policy and Insulated part of the stem la approximated/ 1,870 
grama. Applying a apedflo beat value of 04)00 given a water 
equivalent far the metal of 120 '«* a total water equivalent 
value of 2,1283 which la the baala far. determining the constant 
of 8,100, Aa already shown under " Calculations. " (6) A standard 
coal for which tho heat value has been accurately derived by an 
oxygon-bomb apparatus of the Mahler type. Hill requires that 
the Mahler value he recently determined owing to the change 
In the apparent heat value of coal ■unplee upon standing. It 
has the advantage, howover, of nhochtng the peroxide instrument 
with respect to the correction faoton used for ash, sulphur and 
water of composition or "hydration.” (o) By eombuitinn of 
standard material aa sugar or bensolo add. The latter la usually 
employed. It has the advantage over the tint method, (a), in 
that, H fundahea a test tar the behavior of the thermometer, but 
with a thermometer of prop er grade the variations an that 
account aro due to unoortain or erronsoua reading of temperatures 
which no method of atandanHmtinn can correct. 

The charge cordate of | gram of ben ado add, (OrHtOi), 
carefully weighed out and added to the fudon cup which already 
the accelerator nd aodlam peaxido thoroughly mixed 
exactly as In the proooduro for uoaL After Adding the bcoado 
add the cup la * pin thoroughly fhafam to insure complete 
mixing of the entire charge. 

After oombuaticm ln the ordinary and eorrooting the 

temperature rise far radiation, the accompanying factors an 
noted aa follows: 


lea ' ruML, qab, water and lubrication 


Oc mjuuiw Faotuh ran Bmioza A om 
Itev In 0.003*0. or 0.00fl*F. 

ii .in o.uxrOLaro.mrr. 

Hyduftn 0.100*0. or 0.180*F. 

Total aametiacM 0.283*0. or 0.4OTF. 

HaU of mutton 8.040*0. at 8.0TQT. 

Total itae 8.908*0. or 4,1S0*F. 

From the above it 1 b Bean that the total rtae In tempatmton u 
oomeotad far radiation, after having the normal oorreotiana 
applied for fuse, aooeleratar and hydration, ahoold have a 
remainder, repw— ntfng the true heat at combustion, of 2.04fl°0, 
or 8.870*F., abuse tUa value multipUed by the oanst&nt8,100glvai 
6,890 GUL or 11,870 the aooepted value far benxda add. 

If after aevond oheofc oombostiona, the valxue indioated fay the 
Lnatranlent ahow a omatot en t variation, the average difference 
in heat riae ahonld be added if + and subtracted if — tram the 
true heat of combustion and the remainder need aa a divisor far 
the aooepted value thus: with an exon indication of 0.09TP. we 
would have: 

ToST - 8,088. 

That la, the oonstant for the inatnnnimt la 8,088 tntanad of 

W-w* 
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www damp, A t the ■apporttng wine, D, for tho foal trey, B, 
oiddh efao ere the tannfnek for oonduotliig the eleotria oairont 
ffaraaih the fins fan wire. He — wmbHnf of tho bomb In fho 


.*—1 



*“ 51*. M. TOe bomb li pkasd a 

»fle to me *b rf «• Oort* of in owi *n tta» IwiTto* »p*oe 

tfibwanute, r. Protection froai beet itfenhuifM wHh Hit 



CALORIMETRY USING THE OXYGEN BOMB 108 

surrounding air 1 b provided by walk' of Indurated fiber with an 
air apaoB between and this arrangement la oantinnons far tides, 
bottom and top. Another method of insulation by olraulation 
of water through the Jacketing apaen ia also to be noted. The 
fuflo who la No. 84, Brown ft Sharpe pigs, and la uaually of 
pure Iron though an aomo aoeoonta a who man resist mt to 
oxidation la derirablo. A currant of low voltage lb to 18 volts 
la to be prefbmd ao that arcing within the oalnrimotor may be 
avoided. 

Tho oapsole should bo immune to obnmlcal action and IT 
bf sufficient dee tho nooomity of oampraodng the fuel Into a 
tablet la obvlatod. Tiays apprazimatoiy 35 mm. in diameter by 
13JJ mm. deep should be used. 

Oxygen bomb calorimeters of the Mahler or Borthelot type, 
natunSy, by inheritanee or euatom, ordinarily are equipped with 
thermometer* graduated in dogmas Centigrade. TJnlem otherwise 
indicated, therefore, references to temperature readings in 
non motion with Instruments of this type are understood to be on 
the Centigrade soalo. 

Heat Values by Oxygen Bomb Calorimeter. — Figure 85 shows 
the arrangement of tho parte of the bomb whan ready for placing 
In the calorimeter. When tho eelarimotar fa dismantled the 
doublo cover to the Inenlating chamber should be supported on a 
ring-stand or similar device as shown in the out, Pig. 87. Thta 
affords a oonvaniect method of handling tho stirring device and 
Insures greater safety ter the thermometer. 

When tho bomb ii opened and made ready to reeetvo tho 
charge of fuel, the oap it mast conveniently held an a ring-stand. 
Thus supported, the fool capsule and fuse wire are readily 
adjusted. For e^appraxijxutinlycmegiam of the air-dry aaznple, 
ground to pass a 00-mah rievo, Is accurately weighed In the 
capsule, Jff, Fig. 85. Attach the ignition wire to the terminals 
by pasting one end through tho eyelet of one of the terminals so 
it lrifl extend beyond the eyelet about 1 cm. Wrap the free wire 
around the tanrfnal at the narrow portion fanned by the notch, 
giving it three turns, binding in the free. end-end bending the 
wire finally downward In line with the terminal. Bepeat the 
same prooere with the other and of the wire. The fuse wire 
should be about 7 am. long. Hist part of the wire botwoen the 
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terminals riumld be bent Into a aomawhat narrow XJ-ehaped 
bo that the fuse wire wfll not touch the sidee of tho oapeule, 
36. Adjust the wire bo that tho lower part of the fnao 
Will just toueh the sarfaoo of the ooaJL in using sugar 




ft-* ■ 


■ n, - 

fr 5 ■■ 


t 4. 


Ik HH)frp& bank ifairtm«*»r, dhnutlwL . 

rtmdatdMng purposes it is well to give the win 4 number of 
short tarns in stub a manner that the spiral will some in oontaot 
with the sugar, wMoh is difficult to Ignljbe With the win in a 
rimple -loop. . Benscrid apiA-os n^phthtleftO jue easy to ignite 
and do, not peed the arte loqpWg of the&wW In the osee of 


r«l 
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naphthalene, to ingum against logg of the oblige upon Igniting, it 
ii wo!l to boat approximately 1 gnun in the oapsole to the paint 
of incipient fusion and then obtain the aooomto weight. The 
aake-Uke mam will nadlly Jgnlto if the win loop timply ton ohm 
the ntrfnoQ. Lorn by ynlatftittinn or sporting is time avoided 

In tha flMQ nf nml nr wtnnHwifi material tha amannt tn hn 

is a matter of ahoioe. An anet gram HhnpHflne slightly the 
nelonlatinme, but is opt to prolong unduly the weighing pr ooam. 
A fvnoll amount of water, 0.0 to 1.0 gmm is added to the bomb 



Tta, BJk — Method at BDbg ajrpn bemh with niyjpa. 

whiah Is plaood in the octagon bolder for reoahrlng the oarer with 
the fuel end aepenle in place. In turning down the oap upon the 
oarer apply the large wrenoh neing good firm premuro, though 
only moderate 1 faroe Is n o e o — u fy far eo earing a perfect eeel at 
the rubber gasket. 

Tar filling with uiygi , cwmn notion ie made with tho flexible 
oopper tubing One Tig. 88) and oxygen ie admitted until a 
pl eas ure af 80 to 80 atmospheres h in dim ted, In admitting the 
oxygen the needle rata next to the prenun gage is opened 
■lightly to aroid a sadden rush of gas. After a sufficient amount 
has been admitted, atom the needle ralre and open thopetooak 
below the gage in ardor to relearn the oxygen under proms in 


r r Uf 
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the tube end cwaneotimw. The cheek vulvo, V, Tig. 85, auto- 
matically olosns end ratline the oxygon at the dashed pnanre. 

Transfer the bomb carefully, without j erring, to the oral oan 
which hie boon placed in petition in the aelarimotar. The long 
axis of the oval ihouid be in line with the operator, that la, at 
ritfht angiee to the work dak* The pointer, Wg. 87, and a notch 
in the oan directly oppocito, serve ae guides for correctly looatlng 
thoimmnT The circular elevation in the bottom whiohdiroots the 
boating of the bomb should be toward the operator, Turn tho 
bomb so that one of the faoea of tho octagon, rather than an 
angle, will be toward the opmtar, thue giving more room for the 
the rmome ter. Mika the oanneotbn with tho alootrio terminal, 
and add 3,000 gnune af watar, pnfanbly dletiUod. Thotompcro- 
tura of the water should be 1 or 2*0, bo low that of the room, 

In phmfaig the cover on the calorimeter have tho thonnomoter 
toward the opmtor, Thie will bring the pulley with turbine 
stirrer at tho bank of the instrument. Bring the cover to place 
carefully eo as to avoid striking the thonnomoter tiic 

metal parti (eee Fig. 86), Beat the spring olipe for holding the 
cover firmly in plaoo and connect the pulley with tho motor. 
The motor is adjusted so as to give the turbine pulley a speed of 
about 150 r.pjn. turning to the right or clockwise. A uniform 
speed throughout a determination ife decdrablo. 

By nee of the teleeoopic lens, readings of the thormometer for 
the preliminary period are taken at 1 min, intervals for 5 min 
At the fifth reading obee tho elootrio droult far a second ar not 
to exooed 9 eeo. Ignition of the sample should be Indicated by a 
rise of the meroory, which beoomes rapid after 90 or 80 see. Tho 
oombuatien period extends over 6 or 6 mb. and terminates when 
the maximum temperature has boon reached, or when the rate 
of change has beoomo uniform. The final period foDowi the 
oombimtkm period. Bead in gs are taken at mbuto intervale far 
5 mb. The temperature readbgs for theee periods furnish 
the batik far determining tho temperature changes due to radia- 
tion aa foHon:y 

1 Bn rep or t of OaoutiUM cm Methods of Goal Anslrria, Jam lad. and 
BOX* Ohwn., voL I, p. 017, 101A 

Abo, U & Barata of Bb&dsrds, Ofrndsr UL TTsblkri rtirmtirri b 
Part I, p. 40, tkaold aho be somoUnL 


OAw&mTBY v aim tem oxtqmn bomb w 


The fallowing notation should bn made. 

X. The nio of rial (t) for tha prtttminazy period In dapva par ndnato. 

& Hie time (a), at wttoh the ket rewflng of the piritndiiaiy palod k 
made, tumadUtetj bofare firing. 

8. The time (6) when tho rim of tempmatare ba routed ria-tattte of 

Its total aznoonk Thta point aan gwunlly be daftqnrfned by addfag to 
the tmnpmtam nadbtg at tha time of trine W P« amt of tho e ip a n tw i 
iim i pwmtiiro rim and noting the tine (t) whm tide point la maahad. If tha 
app po adnu to temperature rim la not Iran, ab4antha of tha total rim aa 
mtenqiuntiy deulcped, whan added to tho tanpmaiara reading at (a), 
will tha tlmo 9) by lntapolating imrtinga, wldah timid be taken 

at U mo. intervals for 9 mb. aftar firing. 

4. Tha time (a) vhm the eiaafemm tampanrinm baa been reacted, or 
wfami the mto of ohanga baa boaome nntfona, usually abont B mto. alto firi^. 

A. Tha mto of ohanga fad for tha final period In dagrarn par minute. 

- After oombuitian dismantle the otlnrimntBr by removing the 
oarer of tho insnUting fiber Jacket which ahould be placed in a 
suitable holder to guard against breaking the thermometer, 
Tig. 87* Traiufar the txxnb to tha octagon holder in the bouh 
(see Tig. 88) and relean the oxygen from the bomb by premlng 
down upon the valve V. Do not toy to remove the screw cap, 
A, until after the pspraarare has been released. Upon opening 
the bomb If any unburned carbon k found the experiment ahould 
be rejected. 

Corrections. — (1) Apply the oarrootians an indicated on the 
thomomets certificate for tho initial (a) and final (c) readings. 

Determine tha oazreotions for radiation as follows: 

Multiply the rate (r) by the time (b - d) in minutes and tenths 
of a minute and add the product to the corrected temperature 
reading at timo (o)^or subtract It if the temperature was falling 
at time (a). 

Multiply the rate (r>) by the time (c — 6) and add (or sub- 
tract if the temperature was rMi# during tho final period) the 
product to the oorrooted temperatur e reading at time (e). 

The dUfameo of the two readings thus modiflod to aceount 
far thermometer scale and radiation oarreetione gtres fhe-totel 
of temperature. 

9. Multiply the total rim thus found hr the water equivalent 
of the calorimeter, the product -irfviiig the total amount of heat 
liberated. If the thermometer readings were in Tntoeuhcti 
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thi product the hut value in B.t>u. UnltfB 
oth er w i se stated the readinp with the aijgen bomb insfcru- 
meat ^re oanriderad u Centigrade and the ultimate values aro 
in oaloriaL 

8. The total heat u obtained under (9), after calculating to 
fc to be farther oozreated cm aeoount of the formation of 
nhrio end salphurio In the rotation. Oarreotian for thorn 
aaide however ie hmmA conveniently brought to the bull of tho 
heat unite Involved u faHowi: Waeh the bomb thoroughly with 
hot dfatflled water and titrate the washings with a standard rotation 
of eodfaun urbanite. w«im up the sodium carbonate rotation 
by dtawMng 8368 grams of ehemioaHy pure Na*OOi In ano 
ltieraf distilled water. Booh cubic oentimetaraf the sodium aar- 
bonate eolation represente an amount of nitrio add inducing 
1 oaL in the reactions involved. 

The a/jfHflrmm] oarrectbn for onlphurio add se ehown on pago 
44, Fart I, r e quir es that a determination of sulphur be at hand. 
It aan be from the washings after titrating for tbs adds 
either by the gravimetric or photometric method. Multiply 
the per omt of sulphur pres en t by 18. . The' product oqmdi the 
Titrmiwg of eateries to be combined with the number found by 
titration. Add also the oorrdetion indicated for the fun wire 
wbleh vfll equal substantially 23 oal. for each oentimetor burned. 
The sum r epreunta the total oomotten in eoterioa to be sub- 
tracted from the amount obtained from the total oarreated 
temperature under (6). 1 

Finally, note that the total Indteated heat u oorreeted for 
dtrle add, nlphurio add, and fuse wire, refers to a quantity of 
fuel r ep rese nte d by the weight of the ohorgs taken* XI this 
weight were exactly 1 grim no farther computation Is neiwwiy. 
If the weight taken varied from an even gram, the Indic a t ed 
notaries ae above derived must be divided by the weight of fuel 


Note repedelly, also, that if a thermometer with the Fahren- 
heit scale is used the values ore in B.I.U. but tbs corrections for 
■eld and fore wire must be changed to oamqxjnd. In this cue 
H will be simpler to make up the standard NosOOi rotation by 
uring 9368 grams per liter and Increasing the titration factor by 
. 1 Toe fttrttar rftamterrn of vorrettams see Part J, phap, YI. 
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88 timca the per oazrt of sulphur. Tlio wire footer also should be 
taken an 6 unite per oentlmotar of length. QalwilitJone from 
theoB values will, than, all be in B.t.n. whloh en subtracted from 
the total Indicated B.Lil to oovnr the oaneetlanB involved. 

Standardization, — To Btudirdfoe tho instrument, makn a 
oombustian using a atanderd substance of known hoot value, aa 
pure benzoic sold. Add to tho aoaoptad heat value of tho 
quantity taken, ny 1 gram, the heat doe to the oomlmtion of 
tho win and the nltria add framed. Divide the boat value thus 
ro pr oemted by the temperature rite, ooneoted in the wool 
manner. Tho quotient i ep reanta the total wator equivalent 
made up to the actual grama of wator omployod, 8,000 pbe the 
oqutvalont in water of tho metal parta, oto. of the apparatus. 
The auhatanoai most oommonly used with tho vahios reoognised 
by tho U. B. Bureau of Btandarde arm 

B— d iidd 8, 00 «L per pun 

Nqphtbalono 0,898 asL per pun 

Oauapr 8, (M0 osL per pun 

Variations from these vahios duo to Impurities may itiQ permit 
of tho substances befog xmd provided the values themselves 
have been onrefuHy determined under p r ope rty standard! sad 
oandttfono. 

Afobdo Conriitione. — In the ease of an adlabatio oalo- 
rimetar, Fig. 18, fmmlng that perfoot adlabatio oondittone an 
maintained, tho matter of obtaining a oorroet temperature 
reading la greatly simplified. 

Before starting the oombustion the jaeketing water should be 
brought to exact equQfbefum with’.tha 'water surrounding the 
oxygen bomb. This should be maintained far 8 or 8 min, to 
inline that exact equilibrium conditions have ben established. ’ 
After ignition the outer syst em should be advanoed in tempera- 
ture with the inner unit until equilibrium oamtitiona are again 
During this period of active advance the two 
thermometers may momentarily be mparuted sHghtly as to 
thair tempemture fniHnaiifia but such variatlona would not 
introduce measurable amounts of radiation lorn or gain unlesa 
continued over a eomldemhle length of time. Mareovtr, it 
should not be dHRcpl* to confine nob thartnometer variations 
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ithln a outgo aflea than cme-tmth til a degree, Aathoflnal 
afd ii approached, than Tuiathma may be redueod to the 
dnt erf psEotieal eHnrina ti o n . 

The oamotkma and nalmtUtirmo therefore would be: 


00 Apply town w e re o U nei for the tha rmrimat a r el the initial sad final 

■ifla p. 

(k) Multiply tho Am by the water eqntrftksil cl the baton mint. 

(0 flobtato the oaloriw dna to the fannattan of HNO*, HJ90| and fom 

i x*, 

00 DMde by the weight of the Hunpla token. 





• mSyg-88 FSragmsSgF Km* 8 


CHAPTER XXH 


ho* 


Buxjhot Dwthbmiwattowb 

Central Statement. — In the ordinary proximate analytic, tho 
sulphur mutant of oonl la distributed between tho volatile matter 
and tho ooke. Thia dktribution follows no definite plan, though 
▼ary frequently the nlphur dlrldoa iteolf about equally. Shun 
the sulphur la thus innhutad In tho faotorv obtained, the renlte 
total 100 per unfa. Tho factor far nlphur therefore ii Indo- 
pendant of the other oompanente and to avoid oonfution should 
be reported on a aoparato fine and not Ikted with the constituents 
determined by proximate analyst. 

The nlphur eoutent is primarily of internet to tho analyst 
because of tho nooemfty of knowing this factor in making the 
nnrm— tj oalorlmetrio eamottena far both tho peroxtdo and tho 
oxygon b omba . The uaer of the coal in oombustion prooo— 
looki upon the sulphur percentage aa a fairly reliable index of tho 
tendency of the ooal toward alinkor formation. The pi and 
gn k a maw prescribes a low poroentage aa a nuudmum quantity 
beytmd whloh the ooal ie mumltod for tide purpoee. In all then 
eaaoa therefore the total nlphur content h required. The 
mathodii of anatyris are mainly directed therefore to thia end. 
For arena purpose, however, the ratio of dfcbibutfan aa between 
the mineral or pyritio aulphur and that whloh lain organic com- 
bination la desired and brief reference to neb determinations are 
innTnitad , 

Total Sulphur. — (a) The wishing! from an oxyge n bomb 
colorimeter give values which are aufflotaatly aoourato for the 
oarrectlona needed in the use of that instnpnent. Tho wishing 
■hanlH be thorough and hot water la profaned. Heat the wiah- 
tnp to bnlHng with a few cable eentimeten of dfiote (1 si) HQ tp 
whloh a little bromine water haa been added. TTie aah and insol- 
uble iilphatw remaining be filtered pfl and also wished 
with hot water. Make neutral to methyl amp by meani of 
sodium hydroxide or carbonate, acidify with 1 oc. of approxi- 
mately normal HQ boat to boiling. *1116 bulk of the eohi- 
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don should not exoeod about 300 oo. Arid slowly from a pipette, * 
with oonetant stirring, 10 oo. of a 10 per oont aohitian of hu*™ 
flhhri dp (BtCMHtQ). Oantinno boiling far 15 min, and allow 
to stand far 3 hr. or over night. Doaant the supernatant liquid, 
Altar through an oahkas Altar and wash thoroughly. Transfer 
the wot Altar to a weighed araafble and smoko off tho paper 
carefully to avoid spattering and so slowly that the Altar papar 
does not barn with a flamo. Finally hoat to 000 or 050°O, and 
wdgh. The amount of sulphur in Ba80« Is 18.784 per oa st 
Attention should bo oaOed to the following notation made in - 
tho preliminary report of the oomraittoo on Methods of Sampling 
and Analysis of Coal. 1 


* 


wi 

■ft 


W 1 

ili 



(6) The Wsehka mothod hoi 
boon long in me and Is frequently 
the standard of raforaua. It 
has the disadvantage of being 
kmg and requiring aareful re- 
gard to sulphur In tho reagents 
. and the pa usod for heating. 
WM^Tho Bnhka mixture is prepared 
Incorporating a parts of 
magnesium aside with 1 part 

| of eodhnn carbonate and pasting 

through a 40-mesh saoon. 

ftoiSe^-Ow— linnofti—trtitsniiloa Weigh out 1 gnun of eoal and 
sdphvbimbBadwaiarfcftet. thoroughly mil with 8 grams of 

tho Skohka mixture. This is best oarried out on a shoot of glared 
paper from wbiah it !a transferred to a No. 0 poroaliin or other 
sni table anudble and oovered with about 1 gnun additional af 
Bubka mixture. Heat gradually in a muffle till a final tem- 
perature 6f approximately 000*0. or a sherry-red k attained. 
Continue the heating with oeoational stirring for about an hour, 
at until all particles of oarixm have boon burned. Cool end 
digest with about 100 so. of hot water far f to f hr. Filter by 
decantation and waeh the residue a number of times with hoi 
water. Finally tnutfar to the filter and wash four or five times. 
The filtrate should pot exoeod 4fl0 oo. Add]l0 to 90 oo. of satu- 
rated bromine water. Aqfdity had bofl to expel the bromine 
I 1 Ik* Asuf(Wf<fer^stjpc^L,yoL tyffe JOU. 

* . i li 


ill til; 




SULPHUR DMTMRMTNA TTONB 


178 


t ; 


Maks neutral to methyl orange by moans of NsOH or Na« 00 
sad add 1 oo. cocoon of normal HCL Praatptt a to u under (a) 
utii^ oomplote the gravimetric in the moil pmuip 

u there In dl anted. Blank determinations ihould be made on 
the reagents amployod and oomotiane applied to omoapand. 

( 0 ) TTio method by fusion with eodium peroxide la in ah 
respects the most oonveniont to uee. The residua from a oalori- 
metric determination may bo ntflland or a spooial bomb ha 
sulphur dotorminatiana may bound. He fusion oup method of 
i gnition and making up the ohaige am the Mine in either ease. 
Figure 30 show tho apparatus aa aiwemhled for firing by means 
of an olootrie oarnmt Tho bomb oup alone with temporary 
oorer is shown in Tig. 88. In this form It is woll adapted to 


that part of the prooodure 
whiah ftnndKia of qambfalng and 
mixing tho Ingredients of tho 
ohargo. One gram of oeoel- 
arator ia ploood in tho bottom of 
the fusion oup and frood from 
lumps. One measure of Ns«Ot 
is added and thoroughly mixed 
with the aoaelentor by shaking. 

The 1 gram of ooal Is then 
addod and shahm. Soma opera- 
tan prefar to add the ooal to _ 
the aooekntor and mix the two 
with & gloat rod and than add 
the peroxide with subsequent 
thorough mixing by shaking. If 



(mSuI lbs). 


iim 


the peroxide is nqft forgotten or 
if the mixing by shaking is not 
disregarded that procedure is a 
good one. Ik Is sometimes the 
practise to Ignite the charge in 
the dmple oontainer, shown In 
Fig. 40, by causing a pointed flame from a blast lamp to impinge 
upon the bottom or side of the fusion oup for a brief period, suf- 
ficient to start the reaction. In suoh a ease It is vitally important 
that toe mixture of-ooal andsoodemtor £KC30i) toould be- mixed 
throughout th* petrofide l^rieh $hsb. sextos M a dftnent and 
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tiows down the reaction to a moderate speod, thus avoiding the 
axploatvo character of the ohlarato end ooal alone. If therefore 
the Na«0» fa forgotten or the mixture of ooal and chlorate are 
left undisturbed at the bottom of the fution otxp, a esrloui 
explosion may remit. 

A painted flame from a blast lamp 1s preferred instead of tho 
full flame of a Bunaon bnrnar. By eaoh moans a looaUnd portion, 
of tho fusion oop booomas red hot and Ignites tho ohargo at one 
spot from whloh the reaction proceeds moderately throughout 
the mixture thm avoiding tho vlblont reaction whloh may 
aooompany the uae of a foil flame of large volume. After Igni- 
tion has started the reaction wDl be oomploto In a vary short 
time bo that after tho lapse of 10 or 18 boo. the apparatus may bo 
brought under the tap for ooollng. 

After the reaction fa oomploto end the bomb fa suffldsntiy ooal 
to handle, remove tho furian cup and place in a ■mall beskar <rf 
300-oa. oapadty. Add water and cover the booker with a watch 
glare. After sola thm fa oomploto rinse and remove the fution 
cup and add oonoentratod HOt to tho neutral point. HUa will 
require 88 to 80 oo. of add. Add about 1 oo. of normal add in 
exoore, filter If neoereary, waih and make up the solation to about 
830 oo. Precipitate tho enlphatea by means of barium ohlarida 
exactly ai indloated under (a). Particular attention should bo 
observed in washing the precipitate obtained by this method In 
order to remora all of the soluble salts whloh ire formed in tho 
fusion proorea. 

(d) The photometric method for arriving at tho faster for 
sulphur fa extensively used and has many features of advantago 
especially in teahnlnal work. It fa applicable to any of the solu- 
tions obtained under (a), (8), or (a) above, at that point wharo 
the solution fa ready for precipitation by means of barium 
ehlorida. It fa ospeolidly advantageous in method (a) whore the 
pproxide lotion has ben employed for the reaeon that separation 
from the heavy alkaline alls fa not involved. Hie details of 
the pro ee re are os follows; After direolving out the matsfal 
from the fusion eup, acidify and Alter as directed under (•). 
The precipitation with barium ahloride fa made in a different 
manner however. Instead of a coarse granular pedpitate 
which will settle readfly, a fine non-settling p re ci pi ta te fa sought 
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whlflh wIH mare needy approach the oollrfdal form . TMa la 
obtained by tiring aryrtela of BaOU and haring pra aa at alao a 
mf H amount of aoUL 

Maks up tha slightly aoid solution to 350 oo. Maaaoro out 
50 oo. for tha turbidity tart and make up to 100 oo. Tranafer 



Wm AL B ulplp p h o t nu Uav 


this aohttlon to a suitable flask and add 0J) to 0JS gram of 
barium chloride crystals wbloh have been spaoUUy prepared by 
■If ting through a 80 modi sieve and sol acting for uae tboae which 
are retained on a 80 mash dove, Without delay alow the flaak 
with idm eork and shake vigorously for 1 or 9 min., then allow 


■ i 
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to stand at room temperature, with ooaoflkmal dinVfag, foe 5 
to 90 min* 

In rending the turbidity, the solution le shaken and a portion 
poured from the flaik into the wide-mirathbd dropping funnel, 
a, Tig. 41. The graduated tubo, & is adjusted in tho dark tubo 

too 
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of light being no longer vUbk Do not take uoomxt' erf the 
■tightly luminous ranter that appears whan the amount of w il pb ip * 
is Ugh and the readings on on the lover portion of flm soale, eay 
from SO to 00 mm, Take os the end point the oomplete diaip- 
poaanoo of tho light Remove the tube and mad in mflHgranw 
the depth of tho HqnkL By means of the taKU or ourre, Big, 
411, is shown tho wnlght in mflHgmms of the sulphur present in the 
100 oo. of natation. If SO oa wero taken from tho SSOnse, flask, 
and this latter oontainod tho fusion from a f*g nun samp lo of 
oool| then [the imlphiir loading would bo the weight promt In tV 
grtun of oral By romorol of tho Awim*! paint, therefore, one 
place to tho right, throe would be shown the weight of solphur in 
1 gram of ooal which oan than bo road in parti pro 100, or per 
rant, by pla d n g tho docfmal two more pkoes to the right. If 
read in mnUgrama each unit is then 1 per esut 

Few example, if tho ranlts show a depth of IQS mm, then 
would be inchoated 1.78 mg. of sulphur prom t in the quantity 
token, that is 0.00178 gran* Now, if i of the | gram of ooal is 
ropra e m tod in this amount, the routing Is far tV gram of ooal. 
Tor 1 graraaf ooal there would then be 0.0178 gram of sulphur, or 
1,78 per oant. 

If tho sulphur is so great in amount as to iflfard too grast turbid- 
ity for satisfactory reading, repost the prooap, measuring out 
8S oo. of the solution and dtiuting with water sufltalent to make a 
total of 100 oo. in Tohune, and p ro ceed as aborts outlined* After 
multiplying the weight of the sulphur thus indtoated by 9, the 
ormditioM will be the eeme is indioated shore. - 

In oan where the oaatent of sulphur in the ooal is so low that 
the reading on the tube oomes above the limit of graduation, a 
larger quantity of the solution x ep reas ntin g a greater amount of 
ooal ■honlfl bo taken. Thus, If we takB 100 oo. of the rotation, 
wo will be taking | of i gram of the origins! ooal or } (W) gram 
of ooal. Now, the' sulphur fautiested an the oarre will be the 
weight in mDtignuna whloh aooompanis OJK) gram of ooal .If, 
therefore, we read tbs percentage aa normally indioated and 


(tirlde by 2, wo will hare tho oarreot tndlostkm for the octatent af 
sulphur. For example, if tho reading under throe 
■hows a depth of 10S nun. throe Wbuld bo indicated 1.78 mg., 
sulphur far the amount of oqol la kyn t 0J gram. This would be 
OBOrmg, fat {kJtOigiiUnQfWsp, 0,80 per sent 1 
u , ' ' 

i t a 
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Bpedil oars must be tabsa to prevent the settftog out of the 
pndpiteto. A ret dine out be qpioUy nitdo end the oontomt* 
of the peered bulc Into tbs fuzmeL Bwuttngs should bo 
rapsted eeranl time, thus keeping the mixture stirred end 
ifflardhig pMte seoumoy ee to the final avenge takm. Before 
ha flhnilwg , thw bottom of tha tube inside should be riranwod by 
nwiM of e mb to inure thefa no film of predpitato from the 
previous tst hie settled out, 

Tor the eeine reason be eore thet no sediment hei settled out 
on the bottom of the oup, «. Perfect eUgnmimt of Urn light 
through the d<«r hm r n end tube should bo moored. Tho 
iwni d i tin M u to strength of light, 1 methods of routing, tho end 
point, sfce., may jwj from tho standards adopted in tha table. 
TtajJi Individual * hryn ^ «hwnlr his ovm method and modify tho 
ourveto ooxxespaid by making up a eohitim of oheminRllypnro 
potarium sulphate, having 0.4444 gram par liter, which is eqniva- 
lent to 04001 gram of sulphur per oubta eentfanatar. TJm U on 
90 oe, b miHwg tha test and predpitato as b tho regular do- 
tennbatiem. Hie photometer c urv e, Pig. 42, has boon developed 
TTiuiw the same solution nondttiona aa those aooompanybg tho 
iveeiirftstion of the sulphate from the sodium paraxldo fusion In 
whioh there has been formed about 15 frame of NaCL Shoo 
the ehaaoter of the turbidtty predp tta te is modified aoznowhat 
by. the prauoe of sodium chloride, it is advisable that this 
f stun be nproduood In all stsndfurdlstinr teats. The offeot 
of the pcoa m ae of aodhim ohloride b substantially the kudo for 
any amount from 1 to 0 grams b eaoh 100 oo. as made roady 
for' the photomats, hens the moat oonvenknt proeedure will 
be to p t ep are a solution of 80 grams of Nad b 900 oe. of 
water and use 20 oo, of it in making up the measured amount 
of standard sulphate to 100. Bfanflariy, the amount of free HG1 
tn the 100 oo, volume should be dupUeoted by adding 9 oe. of 
eono. HQ to the 900 eo. sohitkmof NaOL 


i Mia swdoSj of the nsLhUamlBOU or Foeshaatau typo, hero 
aaontetaf mlptar io la* m to mk» U trtvlwhh in mb — to (fomhro 
thsfedaabenaQwqusUy of wet*, re that tho vatu* whoa made ip 
dMllbolQOs With wiping so toy ssfrg per pent Mia ■rthssolutioB would 
ba aqrind for hb with tin phoknaftwi 
* Aaullfrvobtngrtsbilb with Ota's* fra* two diy tv lad M 

a stated Ught ; • < • 
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OHAPTBB ran 
Uuoun Ahalteib or Coal 

Total Carbon Dotormtattion^Tho pcroonti*B of total carbon 
in tho ooal wed la * nrrmf—rj faster In determining tho hat 


l 


tn. 41, — Total 


In tho floe gMa u already indicated to tho dlowttdon an 
107*1 IQ inJaiifB. > This rmhio may be obtained hy utillsa- 

* - i i * . i m 
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tion of the sodium peroxide furian in which the total oerbon of 
the ooal haa been oridked and oombtnod with oheminal to form 
NaflCOf By liberating the 00* under accurately determined 
oandWuiu M to temper a tore end pwu ie by mean of the 
apparatus ehown In Fig. 48, the* amount of carbon promt may 
be derived from the Tohnne of COt discharged. 

The apparatus ehoold be looated on a laboratory dmk or table 
whore an even temperature eon be maintained. 

Fill the jacketing tube J with water slightly mlrinlainH to knap 
U (dear. Fill the leveling tube L with water that hoe had 3 or 
8 oe. of sulphuric add added. A few drupe of methyl ctrangn in 
the leveling tube will Impart a oolor to tho water, g rea tl y focfll- 
tating the reedibp. 

Canneet the inlet D with air pre ee u re mul adjust no that two or 
three bubbles of air per second wOl enter the jacketing water. 
This ii far the purpoao of keeping the temperature of the water 
equaHiad throughout a determination. By reading the thvmom- 
eter hung in the water the temperature of the pe under 
observation ie obtained. 

Tbo operation is os follows: The large double pipette P is half 
filled with 40 per emt solution of aouitlo potash, or suah as Is 
ordinarily used far the abnrptian of OOt gas. By taming the 
three-way oook T to connect with tho pipette P and l ow e rin g 
the leveling tube L the liquid in P is brought into tho right-hand 
bulb and made to rise in. the aepfilary tube to the mark on tho 
right Umb of the oapQlary. The three-way oook is now aloeod 
to the pipette bulb and opened to the tube running to the flank 
B. By ralring the leveling tube L the liquid in tho burette 0 Is 
made to rise to the three-way oook T, thus completely filling the 
burette. The t hr ee why oook is now olosod to retain the liquid ■ 
in the burette at the retro paint, till orvolntion of the gask begun. 

The eup arm tabling the freed material from a oalori metric 
determination ie plaoed an its ride in the bottom of a email 
beaker and oovered with hot water that has been boiling far fl or 
10 min. Contamination with OOt from the water need or from 
oontaet with the air must be avoided as much as poaible. When 
the fusion is dJaalvad remove the eup, rinsing it wtH, and pour 
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thoroughly with hot water and pour the washings in with the 
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main portion. Connoot tho flask with tho funnol tobo A and 
bring the ring support with wins gaaso In pl&oo under the flask. 
Open tho stop soak at tho lower ond of tho funool and boll tho 
contents of tho flask far 8 or 4 min. Romovo tho fl&mo and at 
onoe alo« tho funnel oook. In this way tho my gun from the 
sodium peroride will bo driven off together with the air In the 
flaak. Also, whan tha throo-way oook T Is elosod thoro Will be a 
partial vacuum in the flank. 

With tho ooqk to tho funnol to bo A dosod, enough odd la 
added to A to oompktaly noutroliao tho alknllno solution in B 
and la&YU a dlatinot area* of a aid. Hydroohlorio add Is pro- 
fdrrod. Thirty suhio oentimatam of eonoontr&tod hydroohlorio 
add will bo found suffldanb. 

To oparato, lower tha loveting tobo L, open tho thro way 
oook T to the tubo oonnooting with tho flaak B and admit add 
drop by drop from tho funnol A, Moaatimo tho dranlnting 
water for the onndanwer C should bo tumod on. 

When tho evolution of gas has about roaehod tho on pad by of 
tho gmduatod burette 0, tho add le shut off, tho throo-way oook 
T end a leading of tho votumo of the gia oarofolly taken 
by bringing tho two vurfaoos of liquid in tho leveling tube and 
burotto azaotly on a level Road also the temperature of tho 
Jaokoting water and note the baromotrio pressure. The oook T 
Is now opened to the oapfllaxy and tho gas volume forood cam- 
pletely Over Into the bulb P where it fa hold by olrsring the oook 
T. Hare It fa kvffc far oomploto absorption of the CO* Thoodok 
T may be again opened to oanneot with tiu flask B, the liquid In 
the burette 0 being at the sero paint as before. The apparatus 
fa now ready for a second evolution and moaaurtment of a gas 
volume. 


A seoond reading la rimDariy taken and the volume driven 
over into P as before, along with the former volume. Repeat 
the prooom until no more 00* Is evolved. 

Finally heat fa added to the flaak B and after a few minutes 
boiling, hot water fa added through the funnel A, until the solu- 
tion fa nearly up to tho stopper, the flame of oourae being re- 
moved. At this point there should bo no water re m a inin g in 
the funnel A. law* tbs leveling tube L to form a partial 

i i ■ ■ T. j j n 1 


vaetram and sflftwraijLtivb^ drawn through A into B and thus 
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Taka yyiy — W non of «» a Unuaum 

ClilonUUd from LOTS ■ wight of 1 Uter of 00a at 41" latitude 



wnp oat the residual gas In the oonnootlng tabes Into the 
burette C, The amount of air thus drawn In riiould bo slightly 
man than 100 oo. no that after transferring to the bans P tar 
final absorption at the remaining 00* the air returned to the 
graduated b nreUe will be Buffi dent in amount to bring the level 
down upon the graduated portion of the burette far reading. 
Hie dtihranoe betw e en this volume and the total of the aeversl 
volnmea is the total oarb on dio xide present in the fusion. 

By referring to Table XXI, there Is found at the observed 
temperature and pr es sure the weight in mflUgnuns of oarbon in 
1 ee. of C0» gas. 1 Multiply this weight by the number of oubie 
owntim uteri obtained in the above operation and the product 
equals lbs weight in mUHgrema of pure oarbozi. Tram this 

1 Baa aim Pam, & W., The wright of aibaa dlorida with a table of ealeu- 
latad Tab** Jtmr. Am. O m. Baa, toL H, p. 88T, 1000. 
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■hoold be subtracted the weight of asrbon found by running a 
Mp«ir {n Boetly the seme manner, using one meostue of the 
sodium pqradde Instead of the Man. 

A/tor subtracting the blank; the carbon remaining represents 
the total carbon prese n t In the fueL Divide this number by the 
weight of fad to*™ end multiply by 100. 01 m product h the 
per oent of carbon praont in the Trip l e taken. 

Goals with oslatum earbonete pneent riundd have the 00* 
in that ftfnHnstirm determined end the total asrbon factor 
iwF HMbiii aaocwdiiitfy. ■ Vive f*yn* of oosl should be put into 
the floak and tnoted pmrieely os for a Man. The amount of 
carbon found from the volume of 00* Uprated is subtracted 
from the total aorbon obtained from the Mon. lids of 
. course Is in addition to the OOrfound in the blank determination 
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Hydrogen. — Tto hydrogen it determined by calculation u 
already dtaauMod in Fart I, page 40. At thla stage in the de- 
velopment of the work It la well to transfer the factors Involved 
to the unit ooal bosk. Calculate the B.tu. far unit ooal. Oaloo- 
late also the percentage of total oarbon present in the unit ooal, 
axdadve of oourae of any oarbon praaant aa oaldte. From, tho 
total oarbon ( C X 14,648) In which C la tho peroontage of oarbon 
In the unit ooal. The remaining hoot is duo to tho oambuatioa 
of the avaflahln hydrogen. Divide this remainder by tho ao- 

oopted value for hydrogon (gj^Qo) ^ v hloh S la tho roddua] 

heat after subtracting the hoot duo to tho onmhnwtlon of tho 
oarbon. 

Oxygen. — Assuming a vahia In tho unit ooal far nitrogen of 1,76 
par oant., we would have the residual oanstitoants, 22 oandating 
of oxygen and the hydrogon oomhdnod as H*0 ropreaentod by tho 
at p a wl o n B — 100 — (C + S + 2\0* 

In the value thus found for 22, the pom blood hydrogen would 
be one-ninth and the oxygen dghtarintha of that vahoo, 

Tbe values thus obtained an unit ooal an to be calculated 
back to the "dry" by multlplylnc each value by 1 minus tho aah 
corrected for hydration and sulphur. 
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Front Gab Ajulyhb 

MtodmttmL— Tlia type* of fuel pm have already boon 
dteawod In Part I, papa 80 and BO. An axaminatian of tho con- 
stituents prank in them viriooi pa shows that while there aw 
large variations in tho porecntigD composition, the constituents 
the m e d vae era quite uniform u to kind. For thli nunn It la 
possible end exocoriingly convenient to aosmblo in one apparatus 
the Individual unite for making the several determinations. 
Moreover, partabflUy is not an Mattel feature for such work, 
henna the development of what may bo property referred to as an 
enlarged Orat for a omaplata analytes of any of the 

various types of fuel gases. 

Description of Apparatus^- The apparatus, Pig. 44, oonteste of 
two parte, the first being a graduated and a blank ombpankn 
burette, which uaurai measurements at atanoepherie puauuus, 
i tfid an attaohod leveling bulb. By insane of there the aa mpl e la 
measured before tha analytes is bogun and also after the removal 
of eaeh e unatltu ant. The buret toe and lording bulb an filled 
with a saturated salt solution which may be slightly colored, if 
with some inorganic alt as NINO,, to aid In reading the 
graduations an tho burette, e* Tho Jacket surrounding these 
two burettes is ffDod with water slightly ac idula t e d to keep it 
dear. T%e second part is a stand -supporting seven absorption 
pipettes, one copper aside farnaae and me alow combustion 
pipette. Then are comwetert to the measuring burette by 
mwM of a manifold of capillary glare tubing and stop oooks, this 
frrfng divided into three peris, es Is shown by the figure, to 
TaeQitate manuf acture, and, whm ncoaretty demands, 

repairing, All stop cocks through which gas is pored should 
have iheptng or oore bored at an antes, as they are them lea 
apt tolijct All of the stop coda hi the epparetire should be 
kept ^wl^jrtcated with a special stop-cock greree. 1 Oawimiat 
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also be taken not to pull the twpb in the pipettes up into the 
stop ooaka as this win qkw than to stick; this is wperiftlly true 
a f XOH end PyragallGl, end if saaha mistake Is made tho stop 
socks must at omoe be carefully denned and grossed, The 
sbsarptksi pipettes an the same as those used in the ordinary 
Oimt flue gas nnaljds outfits end hare the nhnuibnr into which 



the gas Is drawn filled with glaa tubes to Inerease the sopfaea 
and obviate the riaead ty of shaking. 

The so-oaOed ooppv aside farnaee is an ordinary ohromel wire 
reststanee furnaoe, wound an tin khmdtnn ears, tnenktnd with 
sfl-o-oel and ogntfrln jd jn a n»t4 J l|Su been found that 


iO ft, of No, JH ohrt*nd>i^ tW^aMjMlotaiy heating ele- 
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manfc. The oarrant far such an alemnnt is taken from the 110- 
volt aUanutinc-ouiraat lifting drault whiah may be oonnaotad 
directly without danger of burning out the element. This, 
howoter, will boat tho ftxm&oo higher than is <Mrad and it is 
TiMB«fljy to oonneet a lamp-bank mshtanne In aeries with tho 
heating dement in order 'to ™fntaJn the desired temperature. 
The lamp bonk is not shown in the Agon, bat may be seen in tho 
photograph} Pig. 22, page 00. The furnace is plaood oyer tho 
pyrex U-tube, j. The U-tube Is flHod completely with oopper 
firidn that has been ground to pea through a 20-mesh stars and 
has been caught on a 40-mosh rievo. Hu oxide is revived from 
time to tfano by passing oxygon through ftt while ft is at tbs 
reoothro tamperatore of 800°O. 

The slow oombustion pipette, i, is made from a 900 oq. pyres 
Kjddahl digesting flask. It is onm noted to the manifold with 
a small oapfllary tabs which most be aarcfully sealed on so that 
the arlfloe is no Isrgsr than the bore of tho tubing. This will 
oaose the gu to enter the pipette in a small jet and eliminate the 
UaUttty of explodrs mixtures dnring the manipulation of the 
pipette. Hu bottom of the pipette is dosed with a t hro e-hole 
rabbet stopper widoh accommodates, besides the outlet of tho 
pipette, tiro glua tabes at the inner ends of which is sealed a 
pi^nTTTw oofl^t This ooil is placed about | tn/below and sHghtiy 
to one side of the opming of the capillary tube. It is conneotad 
In Saks with a ohromel sliding oontaet redstanoe (not shown in 
the figure). The outlet from the pipette oonnects, by mesne of 
rabbet tubing and the stop cook, w, with the small aspirator 
bottle, g. Mercury is used in this part of the apparatus Instead 
of sah wntv. 

Oxygen" and nitrogen are M during the procedure of the 
analyse. Hubs an kept at hand in large aspirator bottles 
over water, and afs oonneoted permanently with the apparatus 
by means of rubber tubing. The stop cock, a, nmnaota with 
the nlbogan bottle and m, with the oxygen bottle. The sample 
of gas is usually ooDsoted and stored over saturated art watar in 
a angQ aspimtor bottle and is drawn front tUs Into tho burette, e, 
through a rubber tube connected to the stop oook, e, which has a 
key extension for the rubber tubing snd-is similar to the stop 
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Manipulation and D ascription at Rnagonta. — Before boginnfng 
an analysis, make rare that none of the atop oooks look or other- 
wise nood attention, and that the level at the solu ti o n s In all of the 
pi pottos la up to the mark. Next iweop the manifold and oopper 
oxide tube thoroughly with nitrogen drawing it In through the 
atop crook, a, and expolling It through the stop oook, a. It k also 
well to have brought the ooppor oaddo fornaoo up to tho required 
temperature of 800* before tho Analyst la bogun and to hsvo made 
iraro that the nitrogen enoloesd in it la at atmoaphnrio premura. 
Otherwise due to expansion there win bo a alight ohango In tbp 
reading on the burette, when the atop oooks, l and r, are opanod 
during the enalyria, which wffl probably bo overlooked and whkrii 
will make an orror In the hydrogen do termination. Having 
obaorvod the above preoaotlons and haying tho borotto, a, flDod 
with ealt solution oamplotoly up to the atop oook, a, the ample 
bottle la oonneoted with the atop oook, a, by moans of a rubber 
tube that has been thoroughly flushed with tho pa to bo 
analysed. A sample of slightly over 100 oo. la drawn Into tbo 
burette. The oanpanlon tube, n, has boon opened to tho atmos- 
phere and tho eolation In It la at the me lore! as in tho bulb, (, 
which should be aUghtiy bolow the lovol of the 100 oo. graduation 
cm the burotto, a. Without oloelng the atop oook, a, tho rubbor 
tube Is dim gaged from the sample bottle, but not from tho atop 
oook, and the bulb, t, la raised until the solution In it and the two 
burettes are at the tune level and at the 100-eo. mark in the 


burette, a. Tim stop crooks, a and a, are now oloaed and tho 
burette, a, tiantaini exactly 100 oo. of tho gaa at atmospheric 
p reauro . Binoe all other parts of the apparatus are Ailed with 
the inert pa, nitrogen, and alnoe all future volume readings 
during this anatysk'wfll bo made at the nme prauure, the oon- 
tnotiona will all be cm the baala of the 100-oc, sample at atmoa- 
pherlo pt emure and will be in per oent by volume directly. It is 
Boanud that the atmoaphario pramum will not ohanp during the 
analysis. No oarreotiona need to be made on aooonnt of the pa 
befog saturated with water vapor. During tbo analytic the 
lorellng bulb, (, ia held in the left hand and by befog miaad or 
lowered, the gaa la forced into the various plpqtta or dnrtrn back 
into the burette,* Ii^n>qaaurlng thaaample during the atelyiJa, 
the atop ooqk, a, fa dpepecjt aAd trlth the aid <# the Jostling bulb, 

*; *' 1 - ; h '4 it ‘A > 1 
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the eoluttone In buroitee, a and *, ere brought to the nine lorreL 
The stop oook, *, le noti doeod end tho Tohnne road on the burette, 
a. This volume ie written down at onoe and the analyse con- 
tinued’ by doting tho atop oook, u, opening a, and with the aid of 
the bulb, i, faming tho uunpb Into the neat chaired portion of 
the apparatus. 

Now that tho apparatus oontdna a ample of oxnotiy 100 ea. af 
gas, tho next atop la the removal of the ooattituent oarbon dioxide. 
The flnt pipette, b, oontalna about 100 oo. of 40 per aunt KOH. 1 
White epodflae 30 par oont NoOH for the abeorptian af carbon 
dioxide, but In the authort laboratory it haa been found that 
KOH la e foster magant end also has a greater capacity for 
oafbon Hlrnrhfa. It may be mod until it ahowa eondderable 
oarbonoto precipitate and atm aeami to be aa active as when 
fraably mode. The stop ooeks, e, at, 2, and the one at the top of 
tho plpotte, 6, are opened eo that by ratting the’ leveling boll), l> 
tho gaa In burotte, a, will be driven into the pipette. The gas 
la forood from a to b and bask wend times, mnally five win be 
eufikdent, until it ibowi no further reduction In volume. The 
difference b etwe e n tide final ooostant volume end the original 
■ 100 oo. win be the par oant of carbon dioxide in the mmple. It 
might bo well to note that if the gaa contains hydrogen sulphide, It 
wfil also bo removed by the KOH and thni give a slight error in 
( the oarbon dioxide value. Hydrogen sulphide maybe determined, 

' whan in sufficient quantity, by pMting the gas first Into a pipette 
filled with a solution of aresnioui eald. 1 In tide case the removal 
of oarbon dioxide would oome eooond In tho pioeedme. 

Oxygen is next removed by pn— *"t the ample several times 
Into the pipette, d, which ooctains an alkallno eoluticm of pyro- 
idhl, made by mixing eqdal vol umes of 88 par cent KOH and 
30 per oant pyrogalUo add. 1 ' One volume of tide reagent ie able 
to abeorb about eight volumes of oiyuwL The reagent will 
deteriorate quite rapidly If exposed to the air and.it la well to 
oonneot the eeoondary pipette tilth a ■n a il rubber balloon to 
oUminate d eterio ration in tide manner. After removal of all the 
oxygen, the volume of the gal ls taken. He difference between 


» Wnn, ALnoro H., FTathnW Gu tad Ttid Analytic" p. T*, IBpA 
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this volume and the volume ate removing tbs oar bon dioxide 
b tha per cant of axygpn In the ample of gee. 

Oxygen may bo removed from the gas with yellow phcepboe- 
u. 1 Thia b aametlmai derirabb aspedaHy when the psoentago 
of oxygen b rather high, on aeoount of the relatively snail 
capacity of the pyrogaHoL The phwphomi in tho form of snail 
■ticks b placed in the pipette. Instead of the glass rods, end b 
earned with water. On pawing the gu to be analysed Into 
the phosphorus pipette, tha oxygen unitee with the phnephnrui 
formhigioHd coddee af phosphorus. However, when phgephoros 
b need to remove oxygon, the gu mail have been previously 
freed from ethylene and benaone, u then wffl prison tho phos- 
phorus and make it Inactive. Hmephorui b nanririmed a very 
good reagent far oxygen but Its nee in the apparatus In tho 
author's laboratory his been rather unutisfaotory on tenant 
af Hi being affected by light, he eaao of being poison od and Ua 
riowneu of motion. 

The umple of gas ate removal of oxygon by means of tho 
pyrogaBri Is paued into the pipette, d, which b filled with 
bromine water. This removes ethylene and any other irmstn- 
rated hydrocarbons that may be present. Before reading the 
new volume to determine the per oextt of ethylene removed, H b 
noonaary to peas the cample a few times into the KOH pipotte to 
remove the bromine fumes and thus give the correct vrinme. 
The bromine erintioa la eatorated with bromine and b main- 
tained oatarated by kBepinga few drops of bromine in the bottom 
of the pipette at all tfanu. Aa kmg u the adhitkm b maintained 
in a saturated oandttkm, It will never ooue to function. 

Beaune 1 k mnovid by peering the imnqde into the pipette, e, 
which omtrisa fuming aulphurie add. Thb reagent will also 
remove any cthylaae that b in the gu at thb time and In some 
procedures h used far both ethylene and boaene, the two 
bring, whan d ete r min ed together, eondderedu fllaiirfnMrt s. The 
reagent imed in thb qipentai b the ardhuay 90 per part famine 
aulphurie arid and it b oonridoed active pa long u H shows SO* 
fames when the sample b foroed into the pipette. Theu fumea 
most ha removed from the cample of gu by means of the KOH 

' ' Wtnxm, "Tminlml OaniliNl JlmJt*” p. SO, 1090. 
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pipette before the resultant volume is rend far the asma reasons 
that the bromine fumes were removed. 

This oonolndoi the ahearptikm. methods In the ordinary aaalyris 
and the next step Is tho rtrirnnlnatfon of h ydr og m and urban 
monoxide by use of the oopper axlde furnaoe, already des ori bod. 
It is awnmed that this furnaoe la at a temperature of 800*0. 
and that the enclosed nitrogen la at atmospheric pii—i re this 
having been attended to at a prevlons ti™. The atop oooko, l 
and r, are turaod to bring tho U4ube, j, in aeries with the rest of 
the manifold and the gna Ample is faroed through the U-tabe 
and into the pipette, k. This plpotte la filled with saturated 
salt solution and dooe not nun ires rfly need to be flllod with 
glsA rode u h merely acts si a reservoir for tho gas ■mnpU. 
On paaring the gu through the hot s op per oxide, combustion 
of the hydrogen and oarbon mimmriiift takes the f armor 
burning to water and eomdqnalng out, while the la* ter bums to 
oaibcai dioxide and ntfnihw In the ample but ooouplas the same 
spooo u did the eorban monoxide. Tima the ooutaurttan in 
rohune la due entirely to the removal of the hy drog e n from the 
■ample of gas, and if the sample la peered book and forth through 
the oopper oxide until its rohune becomes wnrafunt, tho eon- 
traction will give directly the par aent of hyd r ogen *hn± was 
originally In the Ample. Aa the reactive te mperature of oarbon 
monoxide with oopper oxide Is lower then that of hydr ogen, ft 
may be ateumed that when all of the hydrogm has been removed, 
all of the oarbon monoxide will bo burned to oarbon dioxide. 
After reading the volume and detraining tho peresutage of 
hydrogen in the gas, sufficient nitrogen Is drawn in through the 
■top soak, I, to oompletely sweep the tube, j, of any of the sample. 
The gu in the burette is placed at atmosphreie pr essu re and the 
stop cocks, 2 and r, are returned to thrir original position* Tire 
Tohrme of the sample which Is new inereaaed due to the added 
nitrogen la read and noted sa 11 new vchune. 11 Hie sample fa now 
foroed Into tire pipette, b, reveral times to remove the oarbon 
dioxide resulting from the burning of the oarbon monrubte- 
The resultant volnnie fa nod and the illihreuee b et ween this 
volume and the last read or "new 1 volume' 1 gives directly the 
per oent of oarbon monoxide that was pre se n t In the gsa. 

The Ample of gu now contains presumably nothing hut 
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methane, ethane and nitrogen, although than probably are 
instances where some of the higher paraffin homnlngnos are 
prrernt The amounts of paraffins are determined by burning 
in an Atmosphere at oxy gen in the daw oomburtian pipette, £ 
the ignition being due to the aleoteiaefly heated platinum oafl, 
o. Hie mochsiilre of the determination are as follow*: Store 
the aarnpie temporarily In the pipette, K Drew oxygen into tho 
burette, a, through the atop oook, m, maaanre the relume at 
atmraphcrio pieremii and than fores It into the pipette, £ From 
XffO to 200 oa. of oxygen k usually neoeaary, whiah means that 
a aeennd burette full must be forced Into the pipette £ Hie 
approximate relame af o xyg en neoded aan be estimated by 
knowing p reviou s l y wmnath^ng eaneeming the amounts of 
methane and ethane p res en t in the unpta. The sample is noxt 
drawn beak into the burette, a, and placed under slight puraruro 
by putting the bulb, 4 in the upper holder se shown in the 
figure. The lore! af the mercury in the pipette, £ will be below 
the tips af tbs glare rede, ee shown in the figure* The stop 
oook, it, ia open and the meroury level in the bottle, q, Is slightly 
lower than in the pipette, £ thus giving a slight vacuum in the 
pipette. The stop reek, y, in the manifold, leading to the 
pipette, £ is closed. The electric current ia next peered through 
the platinum coil beating H to a bright-red or almost white 
heat It is now time to admit the sample from the burette. 
Carefully open the stop oook, y, slightly, and do not let go cf it, 
thus oantRdUng the flow of gas into the pipette. It should bum 
at once with a mall lumino us Jet from £ to f in. in length and 
not directed upon the platinum oofL Watch carefully the flow 
of the gas from the burette, a, and When the burette is full of water, 
dote the stop cock, y, from whiah the hand bee not been removed* 
Immediately turn off the dettrio current. If the above direc- 
tions are not sarefolly fallowed a dangnrona may ooeur 

whan ' the attempt is made to bum the paraffin*. The hydro- 
eirbon gas, in the rampie has burned to wafer and 

carbon dioxide. The water lias condensed out and may be aeso. 
on the surface of the metasry. It is farced up the oapflhtfy 
tube when the resoltazit gas is withdrawn from the pipette,£ end 
finds its way, wually, into the pipette, 4,, by rattling into the 
vertical tubing shove the stop eookjifnlll thgt stop ooek k turned 
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daring the next analysis, No apodal attention is given to tho 
elimination at the water from the pipette, ^ but ft k the nul 
praetioe to faring tho level of the marewy up to the stop eoek, 
V, after each determination, end that the water in the pipette, i, 
is maintained at a minimum. 

It is now nereanry to measnro bade the vohimn of pa in the 
oombustian pipotto and determine the carbon dknide that it 
oontaina. Tint, place the level of the mercury in the bottle, g f 
above that in the pipotta, i, thni preventing the aait solution in 
the burette, a, being pulled over into the pipotto, i , when the 
stop cook, y, is openod. Measure tho resultant gas, pore it into 
tho pipotto, b, to remove the carbon dioxide and maamzo the 
vofanns a aeoond time. From tho readings taken during the 
pxooadure, as just described, four values are available. Tfaoeo 
are: (1) The volume of the pa sample burned* 00 The volume! 
of oiy p u taken. C8) Tho vohnno of the resultant gas after 
combustion, (4) Tho volume of sarbon dtarids in the msuttani 
gaa. The oontrectian, due to the condensation at water, la 
obtained by subtracting (8) from the sum of (1) and (8). By 

substituting three values in the formula V - — — it is 

possible to calculate the volume of thepatmfflwi present in tho 

sample. And by substituting ip n - ^p£-, the index of'evorep 


oamporitian of the paraffins is obtained. The derivation and 
application of there formulas is more folly dfsnuresri in Part I, 


pap 90. 

The sum of the percentages of the eonstitaeots so far dster- 
mfrwd phimli! not be 100. The diffcrenso between their sum 
and 100 therefore is taken as the pareentep of nitrogen in the 


original sample. This nitrogen value rinoe it is obtained by 
dUfananos, must at ooures may all of the emus of the several 
determinations, Bsperienoe wpuld seem to Inrifniita, however, 


that there are small in amount. 

Of the seven absorption pipettre only five are used to the 
ordinary analysis. The two cadre pipettre are hi d u d sd in the 
wparetos (Or addition^ reagents that may be needed in reee 
of ana2yring spontalfisrs. as tar cample, it may bedarired to 
fill a pestle with amenta* arid for the removal of hydrogen 
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or the gu may oantain aoetylane whlah ogh bo removed 
directly after oxygen by penlng Into a pipette filled with ammoni- 
f] b&tw chloride, 1 He unmanly funue most be removed by 
^ psteng the gu Into a pipotto of week salfarie eatd 
before the reeding is ff > * r * TI He dadrebOity of & 

i phnuphim if pfpnttn han prnvlrni^yb**” 1 ■ In 

‘ ! mbo the two extra pipettes are not flUod with wpedal 
I napfifi. ft ia well to AH them with saturated nit 
I m they may often be used as itorego near* 

1 1 voire far eunples of gu to be analysed. 

[■ The Determination of Sulphur in Gas, — Qaa regale- 
tfona naually prescribe the limit far hydrogen aalphldo 
as well aa for total anlphnr. 

LJ In gas wodks practice, a ready teat far hydrogm «*Z- 
pMdiisusad in the aha-pe of Altar paper m oistened 
with lead acetate. He method baa quantitative pos- 
arbiUtiea of iF fflninr| t aoooraay far indiosting the oom- 

H pin i ww of purification In the manufacturing pr ocean. 
He Bureau of Standards, in Circular 89, reeammaada 
| j the following aa a standard form of a p ed fl n a tion; ”Hc 

— gu dull be oonddered to onntain not more than a 
treae of hydroge n sulphide if a atrip of whtte filter paper 
** moistened with a nhxtian containing 6 per oant by 
■■lykTd* weight af lead aoetate ia not distinctly darker than a 
udUttor. Moond paper freshly moistened with the sarnie- solu- 
tion, after the fiat paper hae been exposed to the gu far one 
minute in an appazmtu of approved farm through which the gee 
ia flowing at the rote of a pp r ox i m ately 6 oil ft. per hoar, the gu 
not impinging from a Jet upon the test paper.” An apparatus 
for tUi tut is shown in U. 8. Bureau of Standards Gfreoiat : 
48, p. 118, and may sadly be made with an ordinary 8 hu oyiht- 
dHaalgaa c himn e y of about 1 % in. in diameter with atoppen at ' 
eaah end. A Wt burner Jet 4a installed above, and the pillar ' ■ 
rf an ordinary gu burner below. Arrangements far spreading i 
the gu at the intake and a support for the test p^pu art shown 
in Ilf. 48. A h a rdene d filter paper with smooth surface fir 
pretend. Itdmald bb moist and aoepended vertio&Hy nddwny 
betweu the drtdhristo below and the ocah above. 
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Tho total ndpk m In gas fa dotenuinod dthar by tho Rofra's 
apparatus or by tho Dnhsahmldt method. Tho former fa 
deearibed In the Bureau of Standards Circular 48 and fa 
probably more frequently employed In gas works praetioe. Tbo 
two Trmthnria m simila r, differing ohfafly In tha mechanism 
employed. Tha Drehsohmidt method fa made uao of In tha 
author's Ubomtory ind oonsfats of 8 wuh bottloa oonnootod to 
tha vacuum aystam or a water jet pump. Tho gas fa burood 
under a trumpet tube whloh fa oomiflotod to the washing train 
for delivering the products of oombuetlon to tho alhallno wash 
bottlm whloh have a 6 par oant solution of Ka«CO a with a fow 
drops of bromine water or a small amount of Na«Oi added to each 
bottle. Tha burning of flfr fort of gas fa gnfflnfant for a teat and 
the burner should oonampa about 1 oil ft. par hour. The motor, 
barematar, and thermometer readings are taken at tha boginning 
and ending df a test. The solutions are transferred to a beaker, 
made slightly sold with HG1 and reduoed In bulk by evaporation 
if penary, Add about 1 oo. o ieesa of normal add and datorr 
mine tha sulphur by means of tha photometer or grevimetrioaHy . 
hi the t 1 *^ manner . 

Direct Potarmlnatten of Hasting Value. — The calorimeters 
meat frequently jaed in determining the heating value of fuel 
gas are of tha oanthmoaa flow type. The first Instrument 
designed In 1808 by Hugo Junkers 1 with minor ohangee fa tha 
standard instrument at tha pre s en t time. The general Installa- 
tion has already been shown in Big. 21. A croon seetlaq hare 
given in Jig. 46 will be of amfatanoe in following tho operation 
of the instrument. 

A Bunsen burner dsttven the heat from tha gaa Into tho com- 
bustion chamber. Btnee It fa wential that all of the beat be 
extracted from the spent gases, their discharge must be at tha 
bo ttom of tha apparatus instead of at tha top, the gaaea in the 
downtake being heavier than those in the combustion chamber. 
The principle involved fa therefore similar to that of a siphon 
for liquids In order to secure an even flow of water through 
the instrument, a constant head fa maintained by moans of an 
overflow oup. On the way down, tho water passes tha Inkit 
t lmmusnete r and fa admitted near the bottom of the iflStrtUuent 

> GuM, Voi. 80, p. (IKK). 
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through a regulating volvo. Tho water flowing upward ooUeota 
In the nook of tho boa tor and paanfl tho outlet thornunnetar into 
a sooond oonstnnt ororflow cup from whloh It may ho dirooted 
either to the weighing buokot or to tho waste. The water of 
oondmuwrion forma rally in tho down- take pamsgoways and 
oolloota at tho bottom whom an outlot ia provided. - 

Operation of the Jtmto Calorimeter^ — The direction* for 
operating the oalorimotor ae pneoribed by tho tenhnlnal oora- 
mlttee of the Amnrioan Qaa Institute an enentiaHy aa follows: 

Oonnoot tho motor to tho governor and tho governor to tho 
burner with abort place* of rnbbor tubing, or with flexible metal 
tubing having oonplod ends. 

The oalorimotor ahould bo rot up In a qutot, right and well 
ventilated roam or eabbiot, which h free from draughts and in 
which tho temperature can be maintained constantly at not 
lorn than 0O*F. The roan should bo provided with a sink and 
largo shallow overhead oovnrod tank, from whloh the water 
supply oan ho taken. Should tho tank capacity bo smell and 
not hold enough water for a prolonged aorta of readings, a small 
gee water heator may bo employed to bring tho water to approxi- 
mately tho roan temperature. It ia dorirabln to use water that 
is clear and free from suspended mattes* in the calorimeter, 
therefore, a Alter should bo Installed in the wator supply lino 
bofore it enten the overhead tank. 

If only a single teat is desired, gas may bo taken from the house 
piping, but if an average vahio ia required, a small gas holder, or 
avenging tank, should be nod, and the gas flowing Into tho 
holder adjusted to a rote of flow to Jut All U in tho time during 
whloh the sample li to be taken.. Gan should bo token to have 
a short rorvioe to this holder in ord* that an avarngnsample of 
gas may bo obtained, and if tho mmplo be taken from a Hne on 
whloh there is no oanairiftfihte oansumption, see. that this line Is 
thoroughly purged before sampling* I* fa rooommonded that 
the gas bo metered at a praroure not to oroood two inches of 
water; If this fa not obtainable, It fa advisable to* Insert a holder 
or dia phmg iM governor In the supply lino to roduqe tho pramre 
to within this limits 

BjaJCS wafer > oanneetions with rubber tubing, being careful 
not i;to ■ cramp the tubing. To avoid air eurreuta oausod by the 
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movement of the obnrWa body, lot up tbo calorimeter so that 
the wats supply and waato may be oorily adjusted and that nil 
temperatures may be readily observed. 3>od the outlet water 
to a waste funnel supported a HtUo abort) tlio top of the ooppor 
or wwitefnar used in oofiecting the water, bo that the water 
oan be drifted tan the funnel to the oontalnor and book without 

gpfllfng- 

Set up the pa meter facing the obearvur and krvol It oarofully. 
Then adjust the water level of the motor, both inlet and outlet 
being open to the air. If the meter hoe been filled with froeli 
water, the gas mart be allowed to bum at least two home before 
mmlrtnj a tast When the water in the motor la saturated with 
gpii 90 "drnrtf should be sufflelapt. 

Fill pramure regulator with water, about H full, then oonnoot 
it to the calorimeter burner. MwtalHo tubing Is prof arable, but 
when rubber tubing is used to eonneot motor, pressure regulator, 
and burner, oanneetiana should be as abort os paarihle, and should 
be saturated with the pa. 

Turn on the pa and allow H to bum for five to ton minutaa with 
the burner cm the table. Shut off the gas at burner and watch 
the band an the meter far leakage. ■ Bo sum that all leaks aro 
■topped before attempting to moke a teat. Chart water running 
through the alnrimstar at a rate of about 8 pounds per minute. 
Than regulate the pa to flow at the rate of 4 to 7 foot an hour, 
ae may be found by experiment to give the highest rosult with 
the gu to be teried, admitting enough air through the burner 
so that the flame riiows a faint luminous tip, than insert tho 
bams as far np into the oombustian chamber as the bracket 
pemrila , and observe again the oondlttan of the Homo to see that 
it is ad right, using a mirror. 

He enem of air psaing throng the calorimeter is oantroDed 
somewhat by the position of the dainpor. Borne experimentation 
may be neeemary. Operate the oalorimeter until a thermal 
bsla n ee is nstshllshad cm the lnlot and outlet water thamuxzneiam. 
Start with the damper closed, than open slightly, observing 
oanfuQy the outist tharmnineUtf. When thin thermometor 
at a m a ximum — or In other words, whan the greatest riso 
in tempsatnm is given to the water, wfainb ii p m ei ims hl e p*— ^g 
through the oalnrhnatfir uniformly-— the damper ie in approxt- 
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mataly tho oorroct potiticn for the amount of gak-talng bumod, J 

■ad the exoem air aeoom&ry far perfect oombiMttdn^t^m iid-- 

mum. ■ * 

Water should be regulated to that there is a difference between 
the Inlet and outlet tempemtaree of about 16*F. Ths tempera- 
ture of tho inlet water should viiy hot little when an ovarhood 
tank le used and the water maintained at roam temperature. 

Be fore that both overflows are running, 

Before making tho tori, the barometer, temperature of tbo gu 
at tho meter, temperature of room and temperature of exhaust 
products should bo zooordod. It far dasbablo to have tho tem- 
perature at tho inlot water and temperature of exhaust products 
as nearly as pamtbh at roam tanparaturo, in order to aatahllah 
more noariy a thermal bnlanan — tho dUfcronoe in thorn tempera- 
tnroi should novor exoood 0*. 

Next sllow the gu to bum in the oalorimoter until a thermal 
balanoe is established, or until thorn is the least ohangn in the 
inlet and outlet waters. Ho oondenasd water should also 
eommonee to drip showing an oqaJHhrinm. status within tho 
oalcsimeter. 

He test may now bo started by shifting the outlet water 
from the faunal to the container just as the large hand on the 
meter ps— the earo point Heading are than made of the Inlet 
and outlet tharmometen, making the readings as rapidly as tho 
observer Is able to record than during the oansamption, prefor- 
ably of two-tenths of a aubio foot of gss. At least tan readings 
should be made of both inlot and outlet water temperature#. 
Water is again shifted from tho ooRtelnor to tho waste funnel ' 
as tho hand poem the aero point tho second time. Water fa then 
weighed or measured. He nnoormted heating mine per outdo 
foot fa obtained fay multiplying tho difference of the average of 
inlet and outlet temperaturo, fay tho number of pounds of water 
and fay dividing fay two-ten thus Hfa quantity fa divided fay the 
oamotion footer for barometer and tem p eratu r e, obtainable 
from the tables in tho Appendix, to gtvo the heating vafac at 80 
hmhM pgareore and 00*F. He weight or contents of the con- 
tainer should be obtained while the intide is wet His may be 
done fay Ailing It with water, emptying and shaking for about 
five moods In nn inverted petition. His will do away with 
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any correction whore nwil oonsocutivo tests an required with 
the same container. 

■ A noondi and perhaps a third teat Ih advisable, and thorn 
■hmild be mado without disturbing tho existing omuhtiane, 
provided aQ readings are within the above proecrilxxl limits* In 
pnotics the operator should get oanasoutlvo remits on tho suno 
holder of gas within ten (10) B.t.u.’s. Undar each oondltions an 
avenge of the reeulta may safely be takon. Tho water of oon- 
should be aaaght in a 60 oa. graduate no that calcula- 
tion oan be made far the not heating vahio if desired. It la 
betts to ooQeot the oondenaate from a total of 1 on. ft for 
TnaWng the cutimate. The latent hoot erf vaporisation for water 
at the initial temperature of tho gas and air is taken as 0,000 
Ostein, henee the number of onbio oonthnotore of oondennd 
water from 1 po. ft of gas multiplied by 0.000 X 8.008 will oqtud 
the B.tu. to be subtracted from the total obaervod values as 
given by the calorimeter far the net B.t.m 




CHAPTER XXV 

Tim AkuiTboi of Plus Gasib 

fcasfsnts. — Tho Analyeoi to bo nuuk) In this ooumo wflj bo 
performed with what Is known u tho 11 Oimt apparatus," Pig. 47. 
1Us is modo of a Jacketed 100-oe. gas burette and leroUng bottle 
pomumantly oannootod 1>7 s p ap ill ar y tube having four side 
arms to throo pipottos end to tho opon air. Thp end of the 





Tf. 4T^-Ofpt Rppntaab 

oapfllary tube extends outride the oase for oanveAbueoe in taking a 
■ample of gas, Tho pipettes are provided withreafen^aifoUowB: 

X* Fofaurium hydtoodde, for abeorptfon of oarbon dtaddo* 
OOv Strength of Solution, 40 per oent One eqUe oentimetar 
absorbs 40 oo, of oarbon dioxide, 
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S. Potassium pyrogaHata for abearption of aiygan, 0*. 
Equal vohnqae of 88 par cent KOH and 36 par oont pyragslHo 
told fJntinM an mind together. One outdo oantimotar wffl 
absorb 8 ao. of asygun. 

8. Cuprum ohlaride for tho abearption af aarban mrmaririn, 
00. A ■fthrtinn af cuprous ohloride ia proparod by rfimhlng 
Oo«Gl« in hydroohlorio told ip. gr. 1.13 in tbe ratio of lfl grams 
af the Hit to 100 oo. af add. The activity of tho solution dopands 
an tbe prom os af oopper in fhe cuprous farm. If pure, tho 
solution would be oolarisH. It turns groan upon rcririattom. It 
tiundd be kept from tbe light and oeoaricnal additions of ooppar 
win or tunrfnp mads to the aooeaory pipette ar tbo stoak bottle, 

Analjtifl <rf Atmospheric Air, — Adjust tbo reagent in ooob 
pipette by drawing the solution up into the oapfltoxy tube to tbo 
mark jmt below the rubber connection. FIE the jocko tod 
mourning burette with water out to the and of the capillary 
tube, than draw in a Uttie over 100 oo. of air by opening the 
outer Tent and lowering the leveling bottle. Kart, slowly raise 
the leveling bottle until the meniscus gives a reading of exactly 
sen, and the level af the water in the burette is jmt equal to 
that in the toveting bottle. 

(s) O ay gsa . — doss the pinah oooki on all vents and open tho 
one an the sooond pipette, the one nontainfng potasetum pyrogal- 
late; now raks the leveling tube slowly, thus farting the air into 
the pipette. When the water has reached the 100-oc, mark on 
the burette, shut the pinch ooek and allow to stand far 8 min. 
Now open the cook and run the gas back into the burette by 
towering the leveling bottle. Watch tire surface of the pymgri- 
late solution, and as H approaches the mark alow up tho flow of 
gas— by careful of the leveling buttle the vriutton 

son be brought Just to the mark and then shut off, giving much 
more adjustpml than g^n be obtained by T T 1 wilpTi1sUmi 
af the pinch oook stone. It is very important that none of then 
solutions get above the pinch oook, is the potassium hydroxide 
in them interim with the carbon dfaadda determinations in 
subeeqaent umpire. 

Repe at the abearption for 8 min. md read fain. Tho ooa- 
traction in volume is due to absorption of oxygen. Oaloulats the 
pere it age on the ample taken. 
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The Analysis of Respired Air* — The apparatus should be in 
adjustment alter the procoding experiment. Tike a lane breath 
and hold In tho lungs for some tbne, jh*«* blow it into one of the 
rubber balloons, Attach this to the outer vent of the apparatus 
and draw in a sample of 110 oe» is before. Now «!«■> this pinch, 
oook and open tho one at right angle, to the air; then, by robing 
the leveling bottio slowly, bring the smfaos of the water to the 
woxo mark and aloeo tho ooek opening to the air. 

(а) Carbon Diomda , — -Always absorb the oarbon first 

liringing the gas into tho first or potasrfum hydroxide pipette. 
Allow it to stand for II min. sad repeat for 8 *nin The oonteoo- 
tian is duo to oarbon cHoxirie — dotegmino its poreentego. 

(б) Osyfai. — Determine oxygon is in tho earn of afanoepherie 
sir. The dlflbranao liotwoan the total oorrtiaw titan and the first 
ono is duo to oxygen. Oomputo tho pereentags. 

(o) Nitrogen * — Ude is determined by diflaranee, 

100-(COt + Oi) -Ni 

Hue Gas. — AH determinations of the opn sti t non ts of flue gss 
am carried out as daearibod shove for "Hespirod Air.” 

Carbon monoxide is determined after oxy g en by mesas of the 
third pipetto, allowing the gas to stead few 8 min. In ooleuloting 
nitrogen, tho amount of 00 is of course token Into oanridsratian. 




CHAPTER XXVI 

AjfALTHD or Bonjnt Wattibs 

Htfinal flotations, — If tbo reaction botwoon ano eolation and 
■nother au be Med exactly as to tba "end paint, M that la. If 
that paint am be noted where an esaot balance eztfta between 
the two reacting aabetanoos, we may neo of theeo aolattane 
u media for making ohendo al meamremanta, just aa a mochanlo 
m a foot rale far measuring length*. Giron, tharefaro, a 
aohitUm of known mine, that la, a standard solution, and a 
reaction when the end point or ohemieal oquDibrinm can bo 
made rUble to the eye by any in none, wo haro a method which 
oan be uaed to mnunreothiusolntlaiu of unknown valuo, When 
a standard eohitfcm baa its ohemioal value raado up in terms of tho 
molecnlar weight of the Tibetan eft in gnuna per liter, It la eaUod a 
molal whrtkm. It ia more convenient, howevar, to make up 
mob aolntianfl cm the baais of the hydrogen oquivalent of the 
part of the molecule concerned, In order to aroid tho neeereity 
of multiplying or dividing by two where Iona of different volancdee 
Internet. Th\w, 

SHO + NaiCO. - 2NaCI + H>CO« would call for two 
molecular quantities of HO and one of Na«00* or one of HO 
and | of Na«COi. A gain, 

HCfl + Na*COi ■> NaQ + NaHCO* would oall for one l^dll 
molecular quantity of HO and one-half of the molecular value 
for the NwCOfr By cammon agreement the single hydrog en 
equivalent has been adopted aa the baala, and solutions of this 
kind are palled nemo! wnlnUnwa. Hente, a normal aoluth” 1 of 
the lint nbatanee, HO, has exactly 88.46 grams par liter. A 
normal solution of the. second has axaotly 08.00 gnuna or one-half 
of the nudeoular weight, 100.0, of sodium oarbanato per Uter. 
Where aol ntinn a of Im strength arei needed, tenth or bun- 

dndth notmil ntotlopi ui M thu»: K « nL 
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Thus, -jq sodium oarbanato has 5.800 grams of the pure subrianoo 
por liter and aaoh cubic centimeter contains 0.0009 gram of the 

AlfalH- 

It is important that the full rignlflrmnoe and tbIuo of the proo- 
oaee involving nonnal eohitione he well understood at the outsat 
of the work. The prolhginary axperimmrte following will help 
to thie end. 


Standard Sodium Carbonit*. — The preparation o f sodium 

oarbanato eohitkm ii surfed out u follows: 

Cfesn and dry a porcelain erudblo or snail porcelain dish, then 
Ignite it lightly and oool down to room temperature, putting Into 
the dfliwatfiT at about 100*. Weigh aeearately and add about 
0 grams, more or Ion, of pure, dry stxtfmn earberoato, Batao to 
a red hoot, abort of melting, and oool In a doriooator. Counter- 
patao upon the balnnoo in each a manner that by removing with a 
clean knife blndo or spatula the am — of material, there ahaO 
remain In the arnrihln exactly 5300 grams of tho carbonate. 
Empty the oarbanata into a No. 9 banker and add 00 or 100 oo. 
of diatfflod w&tor. Binao out tho erudblo sko a numbar of times, 
adding the waahinga to tho bealmr. .After solution of tho car- 
bonate hi oom plate, pour tho oontenta of the beaker Into a liter 
measuring flask. Binao out the beaker thoroughly, transferring 
the wabhlngi to the flask and make up finally to the mark. The 
temperature of tho water employed far making up to volume 
should not exoeed 20*0. Stopper and mix by shaking until an 
absolute certainty of uniform distribution of tha solution Is 
attain mi. If the sodium aartxmnte fc pure and tho proper oare 

in regard to trenrfaoing, mixing, temperature, etc,, baa been 

» 

observod, we should now have a strictly ^ solution. To test 
its aosuraey, obtain from the instructor some of the ready pre- 
pared yg hydroehlorie arid solution and proeeed as follows. 

Measure about 90 oe. of the sodium earbonate frtxn a burette 
Into a olean beaker. Add about flp 4b. of wafer and 9 drops of 
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methyl (Binge sdutinn. Tltrato Tory slowly with jq hyriro- 


ehkrio uid from a burette. Add add drop by drop until the 
yellow turns to so orange color. Menu add will make the solu- 
tion pink, but this is too for — the intermediate orange tint 
denotes neutrality. More aoenrato results will bo obtained 
If the stvlntiqns ore titrated book and forth until one drop of 
tiths Bointifln will change the oolar of the Indicator. Hopaat 
this titration three times and average the results. Hu quantity 
af add required should not vary from the solution taken by 
more than 0.1 oo, If there is a greater difference than this, tho 
strength af the sodium carbonate solution may bo oaleuktod 
from the known hydrochloric add solution. Hds correction 
N 

is known ss the -g factor. Hu factor must bo taken Into 

consideration whenever the sodium earbenute solution la used. 

Hu exactly ^ solutions are much to be preferred where a lirgs 

number af determinations are .being mode. What applies 
to the sodium carbonate solution is equally true with all standard 

u 

solutions that are nod. From tho lwtinm oorixmato solution 
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Standard Sulphsrie Add. — Prepare a jq solution af sulphurio 
IT 

add by means of the ^ Na«OOi solution as follows: 

Measure about 8| eo. of pure oonoentrated sulphuric add into a 
flaak containing 1,000 oo. af distilled water. Mix thoroughly and 
AH a AO-oo. burette with the solution. Measure 90 oo. fnxn tho 
burette into a dean beaker, add about 90 oo. of water and 9 

u 

drops of methyl orange. Htrate slowly with jp sodium oar- 

b on a t e solution from a but at to until the end reaction is shown 
by the first dungs of color from pink to orange. Repeat the 
titretim ap before, being eanful to note the oarreet odor for tho 
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and point Tho add eolation la probably too strong. If tho 

titration with jq sodium oarbonate requires, ay, 91 oo. Instead 

of 90 oo., than in nah aase 90 oo. af add would need to be diluted 
to 31 oo. to make sn auot baUnoo to the alkali solution. Bind- 
lariy 300 oo. would need to bo (Hinted to 210 oo. and the dilution 
for any amount would be fn dins ted by the proportion 
30 i 31 :: 1,000 is 

Honoe, in tho above wimple, mnasnre an want 1,000 oo. of the 
trial add and add 50 eo. of pan water to it. Tort the aooarOay 

af the raeulting solution with sodium oarbonate as before. 

Bi saigas HI 

Determination of Sulphur. — (Consult also the dasariptlan far 
tho doterxnineiion of sulphur under rt Sulphur Detanninatirma, 11 
page 174). 

*T 

Moaaum out 10 oo. of tho sulphuric add solution and makn 

up to 100 oo. Measure oarefuIlylO oo. of this ®lutian into a 100 
oo. eyiinder. Add 30 oo. of tho NaO eolution doaoribed on page 
178 and makn up to tho 100 marie, pour into in BUmneyer flu* 
and add about 0.3 to 0.4 gram of qtiatel barium ehlaride crystals 
CBeX3^ and shako thoroughly. I«t stand for 6 to 90 min. with 
tmmikmn 1 ■ ti e Mn g Bead the depth of liquid in thb photometer 
tube at whioh tho light oomp^tdy disappear*. Bepeat the read- 
ings two or three times. If the oahnnn is less than 00 or more 
than 100 mm. in depth, refloat the test add start anew vine double 
or half the quantity of iri ptinn under ted, up to 100 oo, 

in each ease a s before . 

In Chapter xjui, ptgo 170, will be found a surra on which is 
Indicat ed the number of grama of sulphur per 100 oo. of solution 
corresponding to the various height*. Ca lculate the weight of 
sulphur indioated to sulphurio add. Koto that the actual amount 


of the ix aolutian talon far the ted Is 1 oo. 

AU to 

One ouble cen ti me ter of ^ sulphurio add has what weight of 
add pr ^ae h iT 
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How much nlphurT 

What would be the oquivalmt omonnt of hydrochloric nddT 
Sodium carbonate 7 Cakhnn earbonatoT 


TCsaRnrsi IV 


Standard Csldnm Chloride and Soap Solntiona. — Measure 

IT 

from a burette Into a dean No. 9 beaker 40 oo. of jq hydrochloric 

add. What equivalent does It oantain In tonne of sodium oar* 
bonataT Wbat equivalent in terme of aeJohnn aarbonatoT 
Weigh carefully 0.310 gram of pun oaldum oarbonate powdar 

and add it to the 40 oo. of ^ Kydroohlorio add. Govor with a 


watch slan and heat far a few mlnutoe till all notion haa ooaaed. 
Tnnrier to a liter flask. Wash out the beaker thoroughly with 
di s tille d water, transferring the washings to tho flask. Make up 
to the mark and mix thoroughly by nhaMng. Allow tho oon- 
tenta to stand quietly until all undlseolved material has settled to 
the bottom. Siphon off half or man of the dear solution into 
a suitable flask and label "Siawnann Calcium Ghlobxni 

u 

SoLimojr." Blnso 1 oo. of a ^ solution is equivalont to 1 oo. 
N * 

of any other ^ eolation, we have in the above solution 40 oo. of 

a CaOt solution. Although ooldum oarbonate is not solublo 
« 

in water, the 4D oo. of oaldum chloride is equivalent to the 


w 

•mount of odehun oarbonate in 40 oo. of a theoretical jg solution 

of neJnhim oa r bo n a te . Shoe in 1 oo. of a jg solution of e a ldim^ 

oarbonate there an 0.000 gram of wlnfipn nariurnsto, in the 40 
so. of hydrochloric add solution or the l(tq a£ solution that ars 


0J gram of qaldum carbonated 
solution, therefore, has a value df 9^0 
oaldum wbanate. i X $ £■' 




oaldum ehlnrfde 
in terms of 

t 


A 


ANALYSIS Of BOONS WATJtSS 


200 

Tho standard nap BQfardon ii prepared by dheobing 10 grama 
of oaatflo soap in 100 oo. of 60 per orart ftJoohol. After efauruting 
for Bomnl day* it is farther dilated with 70 pear oant eleahal to a 
point when 6 or 0 oo. of It u mnaaarod from a burette will 
produoo a pannanent lath or when added u directed below to 20 



fta 4&— D a iH ou a m l of Ha I 
iwtata looatad m fa&ovti 

Fatal Ho. 1. 


Ha km tm a tkoderd up aotaUKi with Oh 


10 m. OoCHU aoL 


Fatal Ho. I, uriac II m GfcOla kL 
Fatal Ho. I, uiu M m GkOU aaL 
Fatal Ho. £ dHm U m ObOk oL 


oo, of the standard oelnhnn nhkiride solution. Ihk wDl require 
naaolly a dflntion up to 000 or 1,000 oe, 

StemUrdfagtiOE of the ffotf Bohition^MetHare 80 oe. of. the 
standard oalfljnm ohSa^da solution into a 900 oo, f fium sto ppered 
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the standard nap solution 0.4 ar 0.5 oo. at a time, ■h«Ung the 
bottle vigorously after each addition. Lay the bottle on Its 
tide altar aaeh shaking and note if the lather remains. The end 
point la taken where the lather remain* over tho entire aarfaoe 
of the water for IS min, after shaking. Malm throe toste of the 
standard nalnhrm ebbtide ablution u above prepared. Repeat 
the proecas, uting 10 oo. of the oabtnm ohlorido eolation and 
making up to the aame volume (addition of 40 os. water) u 
before. By thoa eatahHshing a number of points as far 10, IS, 
20 and 26 so., in whloh tho required aoap aolntion has boon deter* 
mined, a earn far the strength of tho aoap adntion la dorolopod 
aa ffluataated in the ahart, Fig. 40. 

The hardneaa d a water ia doe to any mineral oonetitnuata In 
aohttion other than oampoxmde of sodium, pobstium, ammo- 
nium, eta., membera of the firat or Bobble group. Upon the addi- 
tian of aoap to a hard water there are formed inaoloblo soaps of 
oalabun, magnstinm and faun, whioh an prodpltniod In curdy 
grannies. When all of than oonatitnimts aro predpHatod the 
water ia soft It is this notion of soap whloh permits of its use in 
a standard solution far measuring the total hardnen 



Dttarmtnition of Calcium Sulphate In Water. — Get a bottio of 
unknown A few azudyria. Add 26 oo. to a dean beaker with 

a pipette, then run In 10 oo, of sodium oarbonate solution. 

Bofl. far 6 min. an a Band bath, then filter Into a oban beaker. 
Wash well with hot water, saving all the washings until the 
liquid leaving the funnel ia neutral to litmus paper. Now add 2 
drops of methyl orange to the filtrate and washings and titrate 

with ^ hydrochloric add. 

The equation npnasiting the reaction between sodium «r- 
banate and calcium sulphate ia 


CaBO« + NasOOi * QaOO. + Na^0 4 

Bbee the titrated Sodhun carbonate ia the balanoe of the 10 oo. 
wnahring unohanged after |hs reaotdap has taken place, the 
difference between tjiUartiountijmd .the 10 oo. o riginally added 
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reproKHTta fcbo amount of sodium oarbonate taking part In tho 
reflation, and Irom this, ramomboring always tho equivalent 
of normal solutions, oomputo tho weight of oaldam wilphiito 
prurient, 8Luao a 36 oe, wunpfe was taken, bow many grmt* jm 
Uttr did tho solution oontalnT How many parts par million? 
How many grains per U. B. GaHmT 1 
Oalouloto also the Hmo, In grains par gallon, equivalent to the 
aalolam sulpheto present. Calculate also tho oquhmlant af <ml- 
dnm oarbanato In groins par gallon ooirespcndtog to the sulphate 
lan prasont. From tho amount of hydrochloric odd need, calcu- 
late the Bodtom aUorido (NaOl) fanned. 

8HC1 + Na«OOi - 8NaCl + 00« + HtO 
Farfarm all those oolaulatbns in tho note book for Inspection 
and refartmee. 
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Bxooes or Tree Cuban Dioxide. — By lids is nvwrt the esrban 
dioxide hold In solution by the water. It is not soolo forming 
material, but in water tanatmant U boharos m so nmah temporary 
hardness, and tho amount present must bo determined in order 
to gaga earreotiy the quantity of reagent required in the treat 
ment. Tho "axoos' 1 ouban dioxide is readily taken up by 
oaldam hydroxide, Cn(OH)i, forming aaleium aarbonato; or by 
sodhzm oarbanato, forming sodium bloaibanata. So long as there 
Is prasont froo aarban diaxldo, It sots toward phonolphthaletn as 
aotd, doookffislng tho same. The first axocre of Na#00, beyond 
the point of absorption of tho COi is denoted by a pink coloration 
of the Indicator . 

Prposdtrs. — With the graduated ayiindff measaro 900 oe. of 
the water into a No, 3 (360-eo.) boakor. Add a few drops of 
phonolphtbaldn as indicator and titrate to the end paint with 

VT 

gg sodium oarbonate free from litearboiate. The number of 

ouhio oantlmetm usod tlma A ropnsents the equivalent or 
aro se of OOi In parts per raflHon, bat measured In torms of 
oaldum oarbonate. 

1 UnfigmsH per liter or part jwr iriDUm X 0LQB9 - ptlsa par U. S. 
KElIoa. Bmp. m 
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Total Alkalinity and Temporary Hardne— ■ Temporary 
harrinf la duo to tho saldum, magnesium, and Iran hold In 
Bohrtton in tho farm of bioarbanateo. They &ro readily broken 
down by dilute adds and, until bo destroyed, arc alkaline toward* 
mothyl orange indicator, 

Pnxmhtn . — Measure 300 oe, of tho water Into a No. 8 beaker, 

N 

add a few drape of methyl orange and tltmto with jq mlphnrLo 

add. From tho numbs of cubic oentimotan uaod aen bo aaloa- 
lated the equivalent in porta par million of temporary hardnoa 
mourned in terma of seldom carbonate. Noto that to calculate 
the vahie in oublb oon time ton par lltar wa would nood to multiply 

N 

the titration by ftvo. TIm) equivalent value far j-g Bulpharia add 

in terma of oaldmn eaibonate la 0.008 gram per oubio anntimeter 
of solution. . Hanoe, ftre tbnos the nombor of oabio eentimotora 
per liter would ra pt eea n t the oalelnm oubonata in mflHgrama 
per liter. That la, 98 times tho titration number rapreau n to 
miHlgnune per lltar or parts par million of oelaium carbonate 
equivalent. 

Nora,— If under Burebe X below aodlum carbonate la found 
to be praaent aa negative hardnen, the temporary hardnsee in 
equal to the total alkalinity minus the nogatlvn hardmm If 
then k no negative hardnm tho temporary hardline la oqual 
to tho total alkalinity. . 


TtrmiBi YULI 


Magnesia r—Uaa the solution from Brarcdae VII abovo. Coror 
tho beaks with a watch glass, boil for 18 min., add 80 oo. of 
■stented lime water and allow to stand at near tho boding 
temperature fs about 18 min. Filter Into a 250-oe. flask, wash 
with balled distilled wats end add water ao that the vohimo at 

N 

room temperature will bo 250 oo. Titrate 100 oo, with jg sulphuric 


add, using the methyl orange Indicator. ICflko at the aamo 
time the same determination, udng pure distilled water in plaoe 
of the watet anatyped. The dHfrtne between the two titra- 


tlani li the imopnt of nlphaiiat^fayrljlah would hirvabMUiMU- 

■ ■ ' 1 ‘ - i i * i 5 * 

ji; 
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trnlisod by tho naldiim hydroxide, which boa precipitated the 
magneriiml from tho water, Since Uu amount titrated, 100 oo., 
la equal to two-41 the of tho 300 ae., It must oho be oqual to two- 
flftha of tho original 900 oo. Than the dUTarenao botweon the 
titrations multiplied by (f ) 5 X 0 equals the equivalent in parts 
par mtfflnn of the magnmrta in the water measured in tanna of 
nalrfnm oarbanate. 

Nom—Booaaao of tho aolublHty of mognerimn oarbanate in 
the pmeanco of alkaH bicarbonate^ it b nooowy to prodpi- 
tato the mqgnnrium as hydroxide. In water traotmant, therefore, 
the mngneshnn bloarbonate requiroa double the amount n poe—a r y 
to simply bring It to tho oarbanate stage (soep. 190, Part I). 

WiaaniSB DC 

Permanent Hardness. — Boll in a porcelain dish 000 oe. of the 

vote for about 10 min. and add 90 oo. of jjj "soda reagent” 

(equal ports of sodium hydroxide and sodium carbonate) end 
bail further to about 1 volume. Ffltar, wash and make up to 

900 oo. Titrate 100 oo. of this solution with ^ sulphurio odd, 

using methyl arango ss an Indicator, Tho amount af original 
water need b than 900 oo. atnoo tho 100 oo. nod btwo-flfthaof 
the 900 oo. and oonsoquently two-fifths of tho 000 oo. The 
dtihranoo between thb titration and tho amount of add equiva- 

w 

lont to 10 oo. soda roogont multiplied by (0 X 0) reprooenta 

tho equivalent of parmnzumt hordnera In parts per million meas- 
ured In terms of aaldum carbonate. Calculate also the nmount 
in porta per million of thoaodium sulphate fanned by tho resotion 
and refer tho result for use undor Hserdse iiV. 

In tho reaction, as with "soda reagent" far omamplo 

CoSO< + Na«COf(96 oo.) - 

NasBCh + OaOOi + NasCO, (90 - *)«., 
N 

It b seen that part d tho jo sodium wr^anato has ehangod over 

to sodium sulphate. The extent of thb dhsngt Is dependent, of 
oouree, upon the quantity of oaldum sulphate, magneehnn sol- 
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pfiato, eta., pra m t In the water and the measure of the ohjugo la 
indicated by the titfrinp of the filtrate. It la to bo noted again 
that in ao far as mmgneaitim anlphate may be proaent, tho mag- 
neritzm carbonate famed la aaluble- to a oonridcmblo nxtaat, 
f])e mom ipfnlq Mq mngnisrf nm hydroxide la providod for 
hjthn non nf fhn "coda megnnt . 11 irhlnh fn port imriiimi hydroxide. 

Borne watem will give a titration in tho filtrate which la grantor 
In amonnt than the quantity of aodn reagent addod. Hila 
condition la dnrignatod aa negative hard non. 

X 

fa i 

negative Hardneaa. Htroughont tho drift region of tho 
Mkriarippl Valley a very large paroantago, aaporiolly of the deop 
weDa, yield waters of Cbm I, a a deaeribed on pogo 119. Such 
waters have no aolphatea of oahdum or magneidinn praeeni They 
have, however, acme free aodhnn bicarbonate inatead, whlah 
indicate! that aome aoeh reaction aa Indicated In Kxardflo IX 
above has taken place while the water waa percolating through 
the ground. Hie treatment, therefore, praeoribod above would 
result limply in the addition of more alkali. Bonce, tho eoucea 
Of arid required over the 10 oo. of alkali added would bo a meas- 
ure of the free aodhnn oerbonate or "negative hardnem" preaonb. 
Multiplying by (0 X 5J) would givo the weight in roflHgmna 
per liter of Na*CO*. Calculate the negative hardnom.in terma 
of oalehnn carbonate in order to obtain the temporary hardnem. 

Brawma XI * 

Total Ha ntn — a — Hie total hardneaa of a water may l jo 
derived (a) from the data- width haa resulted from Bxarriaoa 
VII and IX above, and (6) from the loop teat It la well to nee 
both aoureea of information aa a check. 

(a) Under Bnrdre VIE there will be xneaaured the amount of 
tem p or a r y or bicarbonate hardnem; that la, the amount of 
— Mnmt magnaahzm'ud iron preaent aa bioarbonatea, but mooa- 
ured all together in tanna of aalrium carbonate by toe titration 
N 

Tito jq hydrochloric arid or mdphnrio arid. 

•Und® Btmriae IX. there will be indicated tht amount of 
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sulphate or nhtorMn hardnom; that k, the amount of .oaldum, 
nugnadum or iron which may bo present In the Ann of tho 
sulphates or chlorides at than olomanto, but measured again 
in the oqubralani of ntlnimn carbonate. Be sore that Bheraiao 
X hue bean taken Into this aeoount, for, If free sodium bicar- 



bonate le prese nt , there Will be no permanent but only temporary 
hardnom to anker into the total harrinem. The ram of the 
temporary harrinam and permanent hardmmi 0f any), gtan in 
tenna of oaleiuxn owfcanate r ep r a s aits the total harrinem. 

(k) Mate a dofcenninatkm of total harrinam by moana of tho 
stayirisrd soap solution ae fbQowi: 

Meararo 00 oo. of the water into a No, 3 beakor, add a fow 

If 

drops of mothyl orange and titrate with ^ sulphuric aatd to tho 
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end paint. Truster the water thus neutralised to the shaking 
bottle mod for the aoap teet and ran In from a burette, the itud< 
erd map solution, a few tenth* of a cubic oonthnoter at a tlnio, 
disking vigoroutiy after each addition. The and paint fa taken 
fn the Mine manner by noting when, upon laying tbo bottle 
an ita aide after chairing, the lather remain* for S min. With 
waters containing magnadmn Mite oam most be taken to 
amid mfatakfng the Mlta of magnnciiim end paint. After tho 
titration 1a apparently flnfahed road the burette and add 5 eo. 
of aoap solntinn. If the end paint wu duo to magnedum tin 
lather dfaappeera. Continue the addition of aoap solution until 
the true end pdnt fa roadbed. 

Upon the page af dfmenalon paper ham with, locate a ourvo 
which r epr es ent s the strength of the aoap solution mod and from 
this read the amount of part* per million in terms of oalohun 
carbonate. How does the amount compare with the total 
bardnsM aa derived under (a) above T 



Enounu XU ■ 

Dotaraifnatioa of Total Sulphates.— Into a 100-eo. cyHndor 
measure 60 oo. of water and add SB oo. of sodium ohlorido solo* 
tion es on page 907. Maks up to exaotiy 100 oo, in the graduated 
cylinder. • Four into an Bkiemnsyer flaak of about 900 oe. aapao- 
tty and add special barium chloride aa in Exercise HI for the 
defa w m l iia tion of sulphuric add. After stuffing 6 to 90 min., 
read in the photometv as directed in Chapter TYTT . nagaa 
174 to 178. 

Bate to the ohart on pegs 176 far the weight of sulphur Indies- 
tedbyths photometer reading. Calculate to sulphuric add time 
8S:14S::«drfitorS:Na£0< 


TCgau/ii^M X1H 

determination of Total Chlorides. — Measure accurately 60 go. 
water by mean* cf a 50-oa, pipette into a porcelain dish. Add 


about 1 oo. of potaMtem chromate solution and titrate with ^ 

■Over nitrate so htinn, Until thayepo^ oolor gives plaoe to tho 
first p«iuanent teaee of Jeddfah-Wwm JDo not wait for a red 
tint to appear. HU another pafedain dfab with 00 oo. of dfa- 
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tilled water awl add 1 oe. of tho lndtaator. Use this as a stand- 
ard of comparison. The flnt tinge of brownish-rod that oan be 
dJetingrished In the titntod solution Is to be taken as the end 
paint 

Hie maetlans involved are 

SAffNOk + S«CM>4 - SEND. + AgiCrO, 

Hie attror ohromato la a red prooipitatc, bat ae long aa than Is 
any sohiblo ohlnrido In solution, ibis breaks up the ohromate ea 
follows: 

AgiCrOj + OaOU - 2Ag& + CaCr0 4 
Thus, the flnt permanent tingo of pink showe that the ohlcrine of 
tho chloride hoe all been precipitated. From the volume of 
bUtqt nitrate used to this point, eslmilato tho weight of chlorine 
In tho 00 oe. taken thus 

vohuno ^ AgNOi X 0.0008545 - weight (3 In 50 oe. 

and 0.0005545 X tho Tatums ^ AgNO, - weight Nad InflOoc. 

of the water. Multiplying further by 90 .win give the wdght 
per ntor. From this Is indicated, by referring to minigrainB, the 
mfllignuna par Utar ar puts par mlHian. 


'ftnBgrra XIV 

Total Alkalies. — Hie total alkallas an eanstdered as being 
mode up of all tho sulfate not qomWnad aa permanent ha id nam 
and all of tho ehlnridoa. It is true that small amounts of othv 
alkali saltai, u sodium nitrate, are pro s i t and ooearionaDy wane 
of the nhlmUa la present aa magnsplum or oalrinm chloride; bat, 
far the seopa of this work and far ordinary technloal nqnireinmta, 
it Is quite wiffletant to eomdder tho total alknHes ae being con- 
stituted as above indioatod. 

Procedure, — From the total sulphate as determined under XU 
and calculated to sodium sulphate, subtract the sulphate bar duos 
as found under IX and which was them oakulatod also to the 
equivalent of sod him sulphate for this purpose. The remainder 
b tho ftTnruinfc of alkali— shifting in the water in the form of 
sodium sulphate. To the above riundd be added the total 
dbloride results under XEH, soleolated to sodium chloride. 


918 


FVML, GAB, WATMB AND LUBRICATION 


If free eodtnm carbonate or negative hardnem vu developed 
under X thm this ako in the form af eqalvalaat sodium carbon- 
ate should be added as a third oanatittiant af the nlhnHiw. 

Themmaf these varitmi oanatitnant^ rotated in eaoh imtonoe 
to parte par mflUon, ia to be taken aa the total aDnBaa in parti 
ps mutton. Calculate this nun ako to grains per U, 8. gallon. 

Biamima XV 

Exurinadon of a Treated Water. — 1. If the -water hai boon 
under treated, it ia poodMe to determine at frith m «mJtm tad 
ftatar the amount of Ume and eoda atOl needed to eoftm water. 

2. In <nee mm of eoda eah hae been added, tho ponnanont 
hardnem will be nt ga Utt; and, if the water hae no eodimn car- 
bonate praeent originally, 1.00 thnee the negative hardnom 
mpiwoud aa parti per mfltion of oaletom oarbonato ropmeonte 
the wriw of sodium carbonate which hae been added to the water. 

8. In moet eaeee, howevnr, a treated water ia nJ battue to 

phoinlphthaWn , in whiah case 900 oo. ie titretod with yg eul- 

phnrie arid, to the «nd point with pfawnnlph thp'fdff and then on 
to the end point with methyl orange. 

If the amount of add needed to give the end poinf with the 
phmnlpftth a Wn ia mare than half that which ia needed to give 
the endpoin t with methyl orange, an eaeam af Mamie present. If 
the d Uhran oe between the two qnantitiee be eobtmoted from 
the nnmber of. cnblo oentimsten far the phenolpht halBin ond 
paint, the neoH ehowe the aalahxm carbonate equivalent in 
parte per mfl Hoa of the of p^re Ume, GaO. Title oquiva- 
hnt inuUipHed by go gives the parte per niflHmi of QaQ and 
thie remit nmltiphed by 0,0688 gives the amount in pnruwk par 
1,000 pl- 

Tfiamnm XVI 

OummOT y of BeenUi end — TTi# phar ao t or of a 

watv k rimwn.by ■■nmhllng in tabular farm the various in- 
Bwdenti grouped in a maimer to indloate the total wale-farming 
and the total foaming ingredient, >e oalledfbrintheaoeompany- 
ing outline. Ibk summary calk for the varioua result in grains 
P* endUe' order and grouping k that of the Biardstae 

Vt tv . 
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The oaloulatlanA far the requisite Amount of magnate to removo 
tbo saaHng Ingrodtente involro simply the nalrxilatioc from the 
determinod equivalent af oalniam aarbonate om to the proper 
mooting substance, thus: 

Sin oo one equivalent af anoAA CO*, one equlrolait af tempo- 
rary hnrdnan or urn oqnhvlent af Tnngnerinni re quire s one 
equivalent of oaldnm oxide far Its removal from the-water, OJJO 
timoa tho sum cf the nalnhun carbonate equivalent af bkobb 
oarban cHoxido, temporary hardnen, and magnmhim represe n ts 
tho nnmbor of parti par mflHan af pan Ume OsO, neeeanzy to 
roman than impurities. 

One and six hundredths times the oaldum aorbonate equivalent 
of tiie permanent hardnere is the number of parts per milHm of 
sodium carbonate, NirfOO., nooaaaiy to remove the permanent 
hardness; 0.0688 timoa the quantities In parte per mfTticn X 
i givui the pounds per thourend galluna needed. The results 
shove on far pan Ume and sodium oszbbnato. Oammendal 
Ume and soda ash most bo analysed to dotvntfne the mounts of 
pure Ume and sodimn oarbonate whieh they oantain. 
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CHAPTER XXVII 


Oil BxAHDunaiv 

Specific Gravity. — Tho speoiflo parity of ofli may bo taken 
with a hydrometer, Westphal balance or pyknometer. The 
BoaumA hydromotor fa tho lustra man t oommonly wad In ooameo- 
tion with industrial dl work. Booh reading* may be changed to 
speoifla gravity by Atforaoeo to a eouwsmlon table (Appendix, 
Table X) ar by application of tho formula pnbUehod by the 
Bureau of Standard*; 

Bp. gr. W/OTP. - jg ffi gs 

Ihe Westphal bolanoo, Fig. flO, 
for tight and medium oHalemoam* 
mnnded because it oomhinoa In 
a satisfactory manner both eon- 
Tonianoo and aoauney. It fa 
provided with a beam graduated 
by notches into 10 eqml parts. 

With the plummet attached in 
alr f the pointer should stand at 
mro. The hoariest weight 
placed an tho hook at the end of 
tho beam, that fa whoa located 
at what would be eguMentto 
the tenth notch, wfll exactly 
counterbalance the plummet 
when upended in dfatflbd water 
at OOTF. The pointer titould 
■wing equal distances above and 
below the aero point er oome to 

anst at aero whin ptyating the balance with the plummet In water. 
The other thradwdj^tUaramBpeotively equal toiVi tbw and-rAir 
of the height o£t%far»fat (me, henna, theft petitions an the beam 

• In testing atiquid 
on the upward swine 



J». M^-Wwlphml befanw. 
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tt will not came abovo the liquid. The temperature of tho 
liquid ■bonlH he carefully taken and if dUTorant from 0O°F., the 
■pacific gravity reading should be oanwtod to that temperature. 

The reading of the weights is taken from thrfr porfUana an 
the beam in the ardor a# their rise. Par example, if the hoavlost 
weight is at 7, the next at 4, the third at 0, and tho smaHest at 3, 
the speatfLo gravity reading is 0.7409. 

If -the all is think, it should be wanned to allow 
free movement of the float. The temperature 
must then be road and oarreotod far. Boo table 
of spedflo gravitiee far aDs end o onoctfana far 
temperature, TaUes XI and XlV of tho Appen- 
dix. This would apply also wbaro tho hydraoao- 
ter Ja tho apparata need. 

For alls and tare too hoavy far tho Wartphal 
balance and far pitches whiah must bo softened 
far pouring, the pyknometur method is advis- 
able. A special farm of lnetrament of the 
Hubbard type .is raeammendod. 1 The main 
hi, r me features of this pycnometer, Pig. 01, are its 
■fipwjvboiik, straight rides making it eagy to clean, and a rtop- 
per with a large capillary, 1.0 nun. boro, with a 
aonoayo spaas an ita lower surface to foaOttate the escape of air 
bubbles. The weight of the clean, dry apparatus a is obtained, 
sleo the weight b af the apparatus full of recently bailed distilled 
waterooaled to 90*C, These values are oanstants and need to be 
determined but anno. The weight af the pyknometer full af 
ail c at 30*0. wfll than give the neoeceary data far the spedfla 
gravity, thw: 



^ spedfle gravity af the oil 

Of ooaree far vary heavy material such aa pitch where It la 
desired to only partially fill the zeoeptaale with the sample, the 
pyknometer method is still applicable. The pifcfccfc malted 
sad a portion poured into the apparatus being careful to avoid 

i Human, Bmwi A nWvl (ana af pykn omeiu r for dslennlaixv the 
■pwUspsvHy of «Wd hlhnami Jtm, led. A*. CSmjl, toJ. 1, p. 
tn, iML 
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smniuHi'ig tho rides. . Tbo wright of the apparatus thus partially 
filled and brought to room temperature la designated as d. 
Thai by oamplottog the fflUng with water wo have tho wright 
.•honoe: 

^ — apooiflo gravity of tho sample taken 

Flash and Fire Teat — Tbo Cleveland opon-oop tee tar, Fig. 09, 
is vary wull suited for determining the flash paint 
of hibriaatlng alia. It has boon adopted u the JT“ 
standard by tho Amerionn Boeioty for Rating Q 
Materials. Holdings am from 5 to 10* lower 9 
than tho PanHky-Martens aloeed teeter which is I 
vary widely arod es a standard. 1 1 

Tho metal holding shoot 100 00 . Is supported 1 
in a teipod ring and hosted dlnotiy without sand 1 
bath or outer oop. It should have a mark i in. | 
below tho top and anotiur f in. bolow tho flist, R 

tho latter to be nsod with ofle flashing above I 

430°F. 

A thermometer is fospondod In tho di midway 
between the center and tha insUio edge of the ||P®j 

sap. The bulb aboold be within J in. of the HHH 

bottom and entirely aoh m atg od in tho dL The 1 | " B " ii 

bulb for this purpose should be not over f to f 1 1 1 I 

in. in length. I II I 

Heat by a direot flame, rapidly at first, but I II I 

slower as the fori* point b approached, whim a 111 It 

teat is modo for evtury 0°F. rias in tempsroturo. *H^J\ 
The flame far tasting is supplied from a glam 

eapfllary and be a small baad-Hko flame (| 

not exooodtng ^ in. in length. It ia passed riowiy awiM, 
aoroaa the osnter of tho aup J In. above the but- 
face of tho oil, and oooopyinglaeo. in tha pongs. ^ 

Iho .temperature wium a flume first jumps from the test 
flftmn to the oA Is Balled tha flash point A su b dued tight and 
freedom ‘from drafts an nHnl tt satisfactory observations. 


1 Tbs Am. fios. TtaEfat Kti (Oamalttae D-fil) fast mods lbs TnsUdrab 
Ip ^wwpi the Bbadud Cor obtaining tho flpsh sod firs pdnb by tbs dossd 
tsstar method. 
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After the flaah point hu been obtained thefiro point fa found 
by continuing the beat till a flame fa produood which oantinnoe 
to bum. Ihfa tempera tore fa deelgnatod m the fire paint. 

Vfaooatty. — The gpedfln Tfaoaafty of a liquid fa the timo taken 
for a ghvi quantity to flow through an orifice ae oomparod 



with water, at a siren temperature. A pipette graduated to 
daHveg 100 oc. of water from, the bulb alone, that fa, not tnohidtng 
the lower stem, In 84 eee. ii the wbnpfaet farm of apparatus for 
inch a porpoae. In oHwork! an arbitrary 'Actor fa obtained 
whfah Tads with the type of fateflmyt employed,, hence the 
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vimonUy number and tho Mum a f tho hmfanmMit by whioh it vu 
determined must be ooapled together. Hu EngLnr vboaelmetar 
ie standard with the Tontcnle and Scandinavian oountries and 
hie bom adoptod by the International 8o<la$y far Toting 
Materiak, whflo in Ttoghnri the Bodwood instrument is the 
standard. The American Society for Toting pm. 

saribos (1931 "Btandarde") that “Yboodiy ihaJl be determined 
by means of tho Soybdtt Standard Univmfl Vboorimotar*" 
Tho moat ewwnttal porta, omitting the external Jacketing bath, 
aro ihown In Pig. 08. Tharo U a standard oil tube, A, fitted at 
the top with an OTtwflow crap, B. The tnbo b a ■nnTl outlet of 
definite sbapo and Mmmitm. Tho lower end of the larger 
tnbo b eloeod by a cork fanning an air chamber which prevents 
tho oil from flowing throogh tho standard ootlot orifloe till the 
oork b romovod. Tbo receiving flask has a capacity at fba 
mark of 00 oe. 

VfeocxUy numbers may bo determined at 100 f 180 or 210°F, 
The tamparatnre of the oil in tho standard tube b held con- 
stant by moans of the sumnmdlng bath which b preferably 
of dL 

To make a test, heat the all bath to the derired tempera- 
ture and dean ant the oil reoeptaeb,’ pouring some of the oil 
to be tested through the tabe and Allowing it to drain out below. 
Bbpeebl oare moat be taken that no at Hnt bellowed 

to enter the standard tabs. 

After inserting tho stopper at the lower end of the air chamber, 
fill tho standard tnbo with the oil to be tasted. It will rev* time 
to have it already heated to near the point desired before adding 
it to tho tester. Oil should be addod until It means to overflow 
into the sup at B . 

Both tbo bath and the oil sample taodd be well stirred. 
When equilibrium at the detired temperature has been stab- 
lbhed, remove the thermometer or stirrer from tho sample and 
fay means of a pipette withdraw the oil from the overflow sup 
until the level b below the overflow edge at B. Plaee the 00-eo. 
flaak In position, quickly mxnra the oork and at the same instant 
start' the stop watoh. Stir the liquid in the outer bath, main- 
taining the p roper temperature and stop the watch whan the 
bottom of the men Isons reaches the mirk 

is 


v ' A 
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The time in SHxmda far the delivery of the 00 oa. fa the Baybdt 
Universal vls o o s ilj number of the dl at the rinrigniteri tsnpera- 
tare of the test. 

Free Arid. — Lubricating aQe fabould be free from sulphurio add 
need in refining and free aho from enlphrmatae resulting from 
treatment with add far the remand of nneafcarated hydro- 
carbons. Tatty aotda from the oQa need in oompoundiDf If 
present In email amount are not so objectionable. 

Weigh 10 grama of ofl into an JMa nm qyn r flaak and add 00 oo. 
of ethyl aloohol wiridh has had 9 or 8 drops of phenol phthaldn 

IT 

added and broogbt to a voiy faint pink with ^ potaaalnm 
hydroxide solution. Heat to balling and agitate wall. Titrate 
the hot solution with yjj KOH aohxtian. 

Ckleukte the number of mflUgrafne of pot— Unn hydroaddo 
required to Dontrmliae. the free adds p ra rent per gram of ofl. 
This is the addity number. 

flaponfflottka Ktunbar. — The fatty oU may be determined by 
effecting: a. omnplete tapairffl nation with a known amount of 
standardised rianhnHft potash solution and titrating the unused 
potariu Hu enhrtian fa made by direolving 88 grams of stiok 
KOH in 1,000 oo. of purified 05 per eent ethyl aloohol. 

Weigh 10 frame of ail into a 800 oo. M am ney u r flaak and add 
from a burette 60 oe. of the aloohotio potadi solution and 90 oo. 
of purified ar ap. hwnrene, 0#H* Bafl with a reflux oondaneer 
of sufficient length and proper regulation of heat so as to avoid 
1— of the volatile matwrUL Oontinue the boiling for 40 min. 
and add 26' ee. of neutral gasoline, Add 3 or 8 drops of phfr- 

priphthslrin and ti tr a te with ~ HCX until. the pink odor is 

destrojed. ftfaate as a blank an equivalent amount of aloohollo 
potuh solution and purified ben— e aa used in the eaponffl cation 
proCtm Caleulate the ntrmtw of mflUgnune ol ' pot— (urn 
hydroxide required to saponify 1 ginm of the ofl. lids is the 
asp nnffln a tirm number. 1 Tor example, eaoh outdo centimeter of 

i CWa “Ofl Amlj*+ m Uh. ed* p. 00. 
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2 HQ ia Equivalent to 0.02800 gram KOH. Hanoe, , 

No. oo. — add X 0.02800 t „ 

2 m I grama KOK par gram of od 

Wt, of oifuEan * 1 taken, or Mponifleation No. 

For the oommon fatty ods uaod in oompoimding, the average 
mponifleatlon number la 100, that la, far every 0.106 gram of 
KOH there b 1 gram of fatty ofl p r es en t ift the mixture, henoo 
the peroentagp of each an ofl ia found by introducing thia factor 
into the above equation and multiplying by 100, thus: 

No. oo, | arid X O-OMOfl 
Wt. of dl taken X CUBS’ " \ oil in the mixture.' 

Hittuumd Teat — Weigh into a booker 00 grama of o£L The 
beaker should be Jacketed or 00 arranged aa to avoid loaa of heat 
by radiation. Taka the temperature of the oil and retain the 
thermometer in the oil aa a stirrer. Add from a burette with 
constant stirring drop by drop, 10 00 . of oaneontnted ealphuria 
add and note the highest temperature, Subtract the tempera- 
ture of the ail at the start. Hie rise in temperature in d egrees 
Centigrade is the Moqmend number. Consult the Table JULY, 
in the Appendix for poatible interpretation erf the resulte. It 
rihould be noted that the peroenthge of saponifiable material in 
the oil mart antor into the oanelorion as tb the type of fatty oil 
employed in compounding. 

The Oonradeon Test 1 — Ten cubis oe ntfma t ara of oil ia weighed 
into a 20 oo* porcelain srudble which ia plated inside of a Skid- 
more iron sruefble a pp roximately 00 mm. hr diameter by 80 nun, 
high, with one hole in the oovur left open, Place these two 
inside of a aeoond iron crucible approximately 80 m in diameter 
by 70 mm. high having also a cover. Arrange on a tripod and 
1 oovur with a hood or inverted assay srudble in such a mammy 
that the heat will be distributed evenly on all sldea, 

Heat from a Maker burner using a large flame at- flret which 
will envelop the large orudhle. When vapors from the oil 
start to ignite above the onulble reduce the flame bo that tho 
vapors wfll come pff at a uniform rate burning at a height of 

> An. Boo.br Torth* UiL, "BtandinV p. TUI, 1QXL 


338 


FUEL, GAS, WATMR AND LUBRICATION 


about 6 am. abavu tbs largo enuribln. A/tor tho vapore ooaee, 
inareeao tho hoot u at tint and oantinuo for fi min. Tho 
bottom of the lugs aniaiblo should bo rod hot. Allow the tan- 
paetare to ndnoo before opening, ramovo tho poroalain crucible 
to a doaloaator, cod and weigh. Approximately | hr. will bo 
required for the pi o u os when properly regulated. The deposit 
aa perermta g o of the origins! ssmplo la designated as carbon 
residue, from the Gonredeon test. 



ha, IHL — Cocmdspn ibon laSdns sppsnUaa 


BimrtaHloatlon. — The wnnWtilwatfmi toot as hdoptod by tho 
Am. 800. Testing Mat., 1 may be mndnariaed aa fdllowi: 

Twenty code oentimotai of oil and 40 00. of distilled water 
are placed in a 100-oa. graduated aytfnder of approximately 
1 in. indde diameter, and heated in a water bath at 180*F, A 
mechanise! stirrer ia then Introduced far B ™hy It abonld have 


an r.pjn. -of 1,000 and the paddle ahoulAbe entirely submerged. 
l A». Bps. far Tstiag list, gsrt H, p. tea, lfllfl. 
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230 

The anggnatod tin of the paddle la 8f by # by * in- attached 
with its longest dimension in line with the driving shaft. After 
stirring) the mixture la allowed to stand in the hath at 180°P. 
At oanvenient Intervals, rnartinga ore' taken of the volume of 
olear afl. which aatUaa out noting the point of separation In ttna 
with the upper imffcoe of the menJeom. 

. OelrniUte the into of riemulaifl nation in onbie o enilm e ten i 
per Hour. Note that the average rate ia taken. That le if D 
ia the total vuhnno demuUflod at anj atago and t the tlmo in 
minutes from the tu— lion of stirring, then 

- rate of demnldfl nation per hour. 

It la to be observed that the cylinder readings are from the 
bottom up, and that D in the above axpreadon Is OO minis the 
upper surface reading of the airniMon. Henoe if the reading at 
the end of 1 mhu ia 40, then the damuUfled portion X 00 — 
1,200, or the rate of demuMfleotim per hour, Ms would be 
the bluest posable demultiUUty. If tho reading showed 10 
eo. demuktflftd at tho <md of 10 min., tho mto would be if X 
00 ■■ 40 oo. per hour. A complete table for time and readings 
from M to 40 la a oonvudenee. 1 

> Bre TUila IN, Am. Boa te Mh« Uai, Fart n, p. Bny ima 
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Tabu IL — Mwklamboijb Oavraar lAxmxm 
l <ih 


lfau — 2.54 an. • 

1 mm. 

- 0.08087 fau 

1 ft - 0.8048m. 

1 an. 

-0.1087 In. 

1yd. — 0.0144 m. 

In. 

-1.18 ft 

lad. - 1.69117km. 

1 km. 

-0.69187 mb 


TahuDM 

leu.hu — 16. MB oa. an. lea.tm.- 0.61 au hu 

loo. ft - O.OSB&9 ol no. lH*w - 01.03837 «u la. 

letujd. - O.YUB oil mu latum. - 1.12TB no. yd. 


ChpBflUlM 

lqt - 0.Q4AS0 lltm lUte- 1.00666 qt 

1 cal. — 8.78648 Utoqi 1 Htar - 0.26417 |*L 


1 oa. nr. 
lib. nr. 


88.S4A6|Iub 1 gntm - 0.08827 ol 

458.06 pan lkflo -1.904881b. 


1 gaun - 16.48238 paini 

1 ob. - 487.6 graini 

lib. - 7,000.0 peine 

1 U. BL giUoi - OB.SVB.O peine 
1 Imp. pOoii - W, 000.0 pehn 


Host VihM 

laid. -OU.NceL 

lad. - . 0.00M68 ato. 

1 atB. per pound - 0.6666 OU. p* pm 

1 nL per pm - 3.8 BAo. 1 ! par pound 


iat«. 

10 UL 

1 a to. per pond - 
1 (Upakflo - 


0.9BCU. 

8. (MB au. 

0.Q666 ObL per kilo 
1.8 ats. 1 ! per pound 
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Tina TTT' Tw bhiifi Bsw Orta aeon ru e to Bunn or Otnrunv 
vma Tiwnwum m Dmuui 1 Tim— ram or 
Th nuama m CliuiaHuruui nt Dnunn 
Hiisnre Vix.ua or CUa 

Tahb appEaebla vhai ta^poraton of ink* vatar la approiliiiatolr equal 


to room tampan turn. 



1 tool 

i *h3r 

T 1 — 

ar 

D 

nr 

0 

V 

lor 


■ 

10 

+ 0.0 

40.0 


+o.a 

4o. a 

+o.a 

ttaMtarfanoi fta M... 

■ 

u 

+0.04 

4«.0 

+0.0* 

+0.07 

+a. a 

+0.11 


i 

m 

+0.M 

+0.0T 

+o.o 

40.11 

+0.11 

4fl.il 


■ 

10 

+0.01 

+0,01 

+0.0 

+O.OB 

+0.04 

+0.0 

Anaib hand to HfW..-. 

■ 

u 

+0.01 

40.04 

+0.0 

+0.M 

+o.a 

40.0 


■ 

m 

+0.04 

+0.0 

+0.0T 

+O.0 

40.11 

+0.11 

1 

■ 

10 

+0.01 

40.01 

+o.a 

40.0 

EE 

+0.0 

Itoneale taHMeai to an... 

■ 

u 

+ 0 .a 

+0.0 

40.04 

+0.W 

+0.07 

40.0 


■ 

B 

40. a 

+0.04 

+0.0 

+O.W 

40. a 

40.11 


■ 

10 

40,00 

+0.01 

+o.a 

40. a 

4O.0 

+0.04 

AeoMbr faMatfio Vfl^F. ■ ■ 


11 

+0.00 

40.01 

+o.oa 

+0.04 

40.01 

40.0 


■ 

La 

+0.00 

+0.0 

+0.04 

+o.a 


40.0 


TUa table la not appttaahle U the aai tuut portion of the atom tnalnrta 
ca inlaipainil in the aapfllery. 

Indeed of utim the above table, ft wfll probably benrwrhat — eon- 
v w tort to meke out a atm-aorraatiou table to tie partiaglar ootiot wato 
th—netar that la to ba wad vttt toe afl taliu e hi, tha data to tola 
■panto atonanwato tohla batoj totopolatod from tha then table. 

that to fam—d to tba 80 Tf. made on tha aaala^ and a atom am nwitinn 
table vara van tad lor an U*V. da In fnii|niatriii. than from the above 
table va obtain the faDovtag aton-qometiar table: 

Bnac Omnwrrwn r na OuKaviriann T— ■— No— 


Tibla appUaabla vfaan inlet vator la appnibaatoly ■* roam temperature^ 
wtom ft— naato k fan— d to toe K ft. sank, and vton toe faanpora- 
tore ton la apfauiia wtoly 1BT. 
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Tamsm vm. Bownw Anuauu so Bmrm Wan 
(ft) BoinUUty of gjpum 
(CU0«JH«0) 

1 put dJuatru In abort 000 parti of vatu at 007. 
1 put cHuotru In iboat 1,900 parti of vatu at 9007. 
1 part ilM wi In aboat 1,800 parti of vatu at 8007. 
1 put (Huotna In aboat &j800 parta of vatu at 3U7. 

9) floh itflUy of Ima and bjdratad Uma 
(OaO and CkCOHW 

Amoont nqdnd to aatamtn cno U. 8. pHui 
78 icataaChOu 108.0 palm Qa(OH)i at 007. 

70 pitaa QaO or BS.fl pains Oa(QH) a at 807. 
BBpafaiaOaOu 70.6 palm Oa(OH)i at 1197. 

51 patna OaO or 07.4 palm Oa(OB)t at 1407. 

B pah* OaO u 48.0 pains OaCOH)i at 9197. 


Thu DCJ — ■ntoTiuvT at Dwanvu Eund (Auuiaur Bunuu) 
amd Bw kmii o OmiTST as 007. CHwim nui Warn) 



unui 
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Taxlm X. 1 — O omw Tuna rat Draw Bunco (Luuilu bui 
Wasbr) to bum Gaurnr avd Parana m GUuaw 


Mi HIM 

Sporfflo 

8*wUy 

Faandi 

lnlpj. 

(Arafan) 

Bound 

QpadAfl 

pwlfa 

Baandi 
in 1 gaL 
(Amadou) 

i 

10 

-Wl 

8.88 

48 

0.8009 

0.74 

ill 

0.0090 

8.97 

44 

0.8040 

0.70 


0.0800 

8.91 

40 

0.8000 

0.00 

18, 

0.0700 

8.10 

40 

0.7084 

0.08 

14 

0.0713 


47 

0.7008 

0.00 

ia 

0.0008 


48 

0.7800 

0.00 

ia 

0.BBB0 


48 

0.7HO 

0.09 

IT 

0.0S98 

mzm 

00 

0.T777 

0.4R 

18 

0.0400 

I 

01 

0.7784 

0.44 

IB 

0.0800 


89 

0.7809 

0.41 

90 

0.0088 

m&m 

08 

0.7800 

0.87 

91 

0.0971 

mm 

04 

0.780B 

0.84 

99 

■•M 


08 

0.7007 

0.B0 

n 


mim 

00 

EEl 

0.97 

94 

0.0000 

m 

07 

■xzsfl 

0.94 

9B 

0.0088 

7.08 

08 . 

0.7440 

0.90 

90 

0.8074 

7.48 

08 


0.17 

97 

0.8017 

7.48 

00 


0.14 

98 

0.8800 

7.8$ 

01 

wssm 

0.11 

90 

0.8800 

7.84 

09 

0.7990 


80 

0.8780 

7.90 

08 

0.7908 


81 

0.8000 

7.94 

04 

0.7910 


89 

0.8841 

7.90 

08 

0,7179 


81 

0.8088 

7.10 

00 

0.7149 


84 

0.8080 

7.11 

®7 

H'Af riifl 


80 

0.8484 


08 


ismirWm 

80 

0.84X8 


00 

0.7080 

WXM 

87 

0.8888 

KSTTH 

TO 


II 

88 

0.8888 

0.04 

70 

0.0810 

■d 

80 

0.8984 

0.00 

80 

0.0000 

6 1 

40 

0.8880 

0.80 

80 

0.0811 


41 

0.8187 

0.89 

00 

0.8808 


48 

0.8180 

0.78 

00 

0.0989 



RpaHU pftiy XU* p nni di par Iiupnlil ffl oa. 

1 Tor man cmplafa fatal* an Tur WoiiMirt *Gbamiul AubcaL' 1 
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Taxu TITT, — ICixrart Tmtr, fiauvmv sn Bam or Tanunno aw 

CVmnmm Onj 














AFPMKDFX 


943 


Tina julV. — Pktiuul liana vat tbm Mama n^nmw Ou 


AmfiTifaMi 


Ob 

a— 

ii 


Hmm* 











55 

ii.s 

a.u 

48. B 


iu.i 


J . " r * 

■.a 

r.n 


Klfl 

aar.a 

CH b« 

ajz 

U.4 

t.u 

ur.B 

■nra 

m.1 

r • ■ ; 1 n 


ti.t 

r.Bt 

n.o 

in. a 

ita.i 

OMaari 


u.a 

r.n 

aa.o 

1U.I 

iaa.a 



n.t 

r.n 

ar.o 

■iULB 

m.i 

Lot..... 

Jjl" 

a.a 

r.aa 

4i.a 

n.a 

ua.i 

UmI 


u.a 

r.n 

iu.o 

m, a 

mi 

taUam — 


n.a 

T.T* 

wrnrn 

m.a 

m.a 

ItahM. 


■.a 

r.n 

n.o 

n.a 

itci 

— .............. 


■.a 

r.n 

41.0 

n.a 

n'.ii 

Ma 

12: 

u.a 

r.n 

mi* 

M.a 

W.I 


ITT 

aa.r 

r.n 

n.o 

M.a 

iu.i 

MMtmmm (uqmj 


u.r 

T.M 

«LQ 

tti.l 

mi 

Hvfhrr- 

3 

U.L 

r.n 

41.0 

uo.a 

1BM 

|pri — 


M.O 

r.M 

BLO 

n.a 

ua.a 

h«l«— 


U.4 

■ r.n 

ff.l 

ur.o 

1BL1 


1 

u.a 

r.n 


ur.a 

■m 

VUi 

0.0M8 

u.a 

r.n 

ia!a 

m.o 

m.a 

Wats- 

l.oaoo 

ia.a 

ira 




Aliohol (B* parwaU-t.. 

0.HM 

O.U 






Nam—Bptdflo grtriiy, Burnt, partly tad poaadt par pOka dttor- 
ndaod ti flCPF. 

133A 




i ii a i, r 

nC, au 5 k& 
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aalartmotra^ 41, 100 
Air aoljri* 80% 901 
Alfloholt 8, BT ■ 

(h n a Uire d, 88 
tael nfaa, 88 
Alkattahyriwat*, 135 
total, 918 

Ammonfc to go, 04 

Analyte* trf air, W% -908 

Aaalyria of Mai 88-30, 141-148 

Mb, ae, ua> iu 

Minted—, S7, 14T 
And oarbon, 10, 147 
(■ml {dan, 48 
laboratory ample, 88, 141 . 
—food* 87 

nxMan,M, 88, 14% 148 
piuiliaate 141-148 . 

■dpbar, SB, TO, 171 
Tutetik nat^r, SO, 14fl 
w aki ng ■JTipk, 38, 141 
Aijudag, 188 

Aril ad water, Craft abate— 1 11 
Aril hi tod, 90, 88, 00, 148 
(mated arii, 80,18 


CUabrikmi famdrlng mdjt' 41 teVM 
aunnmtal gunatete, 00 ' 
la ftrifttnwnl of aanbraata, 00 
Ckkste daflnad. 16 
OUodto dBiaulaariona, 140-170 
BflriUateri^n 
•amotion for atette, 48 
wr raotiooa for tea who, 41, 
105,108 
d efinition, go 

o gy ga boob mrihod, 80, 
101-170 

paoarfdft bomb rntboti, 45, 
148-100 

mcHarina Mrr ntic n a, 40, 184, 
18% 107 

CUorifla wri—b M 
inrimrif, 100 
•ftlanlated by formate, 87, 101 
orbaa, 87 

00*1,87, 05, 140-170 
•oka, 140 . 

• rapmUtin aa fat ocKuxrtkm 
with na ygn boob, 107 
gaft 00-04, 100 

graa and sat koiTtteo, 47, 04 
wood, 88 , 84 


foribQUj/ 70 ftdhhatte 41. ISO 

jwnritia tor a—b 0% 04 aosti raooa flow g&a, 03, 107 

▼aztetioaa, 10, 18 M 00-06, 107 

AndUhkh ydr o gan, 40 fatomdUmi go, til 

teak*, 00, 107 

B " ImrMWdflvraia 81 


-4J 


Bril 0 wate n Gas Water). 113-118, 
904-890 

Briririitlml note daflnad, 80 

.0 

ftcrfu afar rfxy to dry 
«l ate., 37, 147 


llabkr bomb, 80 
oayga boob, 80j 101-170 
ter ran aootianim aa 01 
. tmida bomb, 40, 140-100 
water aqutrateni, 155, 107 
Gteiboa dkudda in water, 211 , 
Ctebooia ml, 40, 107, 170 

nathbd of dftta pidalic 170-188 
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946 INDMZ 


Ooitignde, aouradfln to Tthiw*- 
hd^afl 

fin Iflatinn of oak, 61-68 
MhEcgimphy, SB 
CimpbAXO 
artna atio, 69 
«Acb hydroga ratio, 69 
Faaa’a.Ol 
foal ado, 61 

hooting Woo M ft batik, 68 
ittiH oool u i batik, BHB 
fl— I flip linn of mta, 118 

■nMt^hi g to kP* of mineral 
oaatitimt, 118 
oa and by tho 0. B. k Q 
By., 181 . _ 

fay tho oaodotim of aflwiy 
ahaadoto, 116 

CRonlood apai oap flotii tad fin 

tatV| W 

(Hnk> faoHtian, 00 

was TO 
pmntion, TO 
GfangiilnaJk, 196 
0-1, 9,6 

uoljuK 98-60 
tloafflation, 61-68 
detafaxmtion, 78 
cflWflratian, 7, 8 
output, 6, 8 
joinl i inU fr, annual, 0 
by aMoo, 8 

prartmto omI jtik 141-148 
mra, 7 
«T*1 , 11-94 

ybwimt OOmbotikB, 76 

otmgo, 7S-T8 
faUnring TB 
Oool oeaxtaoto, 09-04 
Udi tad awwd* 08 
double otandoid of nfcama, 09 
hrxmdetiai of jmpoak, 04 
poooltioi ha idb, <9, 04 
pda and paynnt, 04 
tigolflooiia of hootingnlias 09 
ua of ndt ooolf booting to1o«s - 
00 


Oofco, 9, 80-89 
analydo, 81 
hooting toIdo, 166 
mafilhnglal, 80 
pulradting, 81 
■mpttng, 81 
nolphur, 89 
robtiki matta, Bl 
Oondnutibla, 81 

of oool, 06-79 
otlnka tarnation, 08 
offltdnnala, 107-111 
laaa up fine, 100 
. otha loon, 110 
asygon apply, 00 
poondo of air pa pound of 
oool, 107 

atio of atindngtoolruoBdi 108 
nub, 07 
wotting of oool, 71 
Ooopatiting of oool amploo, 18 
Oompomi d nd oOo, 188 
Oo ua doo n . tat an all, 140, 997 
Oantrorto (on Cool omfamok), 68 
Oarraotre lngrodlooti In wota, 118 

D 

Detudnration of tool, 71 
DWfllota, 8, 86 

booting ralu, 8, 87 
output, 86 
Dcy ooaL 96 
Dnlang'i formula, IT, 48 
Doat ilahrmlnaHm. 81 

a 

Bmbtittttng action of alViltwa 
waka, 186 
BmnUoa of oO, 188 

T 

Tabkpsr, d— npotition of, 114 
Tbod carbon, KV 147 
i l o tarmln o ti op, 147 


nrnwz 
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Huh and In bat* 180, 831 
Hxml ami rink anal, tafalo of haaUag 
TtlOH, 84 

T\m cm, 104-111, 801-803 
analyri* 100, 903 
aalanlatkin of vohtmoi and 
wdghta, 107 
aanpcriUim, 104, 108 
km ot teat, 100 
ratio of afar antirtag to air and, 
100 

IU0|41ll|| im 
•oiatiao* far analyria, 301 
Foaming inpadifinta, 117 
Fuel (pm Ooal). 


Qss, furi, 8, 80-101 
ammonia, 04 
awdy*. 00, 180-800 
appartioi for analyik, M, 188 
blapk fvntuMKMt 00 

mkrtaebn, 90-04, 107 
•oapotaMoa of volmna of 
panlS&a, Ofl 

•ooMloo taaipamtana, 07 
heating Ttlna, DO, 100 
Twatiig Tahm by mle nk ti on, 
101 

high and low teatiag Tiloaa, 
04, 101, KB 
luoeo pe, 4, 00 
natnral ■>>, 4, 00 
produaar pa, 4, 00 
pw du a Mq a# 80 
raagoata for analyria, 00, 188 
sulphur, 04, 144 
typaaofp^W 
Oae analyria, 00, lBft-800 

almption matboda, 00, 188, 
901 

latbod^ 07, 10J 

100,108, 108 

atfphnf, 04, J80, 104 
Qai oalorlmaM eenaeUoap, 08, 04 
hnrnfaHler, BOO, *7 


Qu Inbt Tatar tamparatnm, 08 


Qaaattaa, arioriflo Talna, 87, 107 
Qnaa and neb heating Tnlaaa, 
47,04, 101 

Gypaom, astubJUfy, 110 


Hardnom, ISO, 910 
aqptiro, 914 
panaanoni, 918 
total, 814 

Hotting raloa of anal, 87, BO, 
140-170 

Heating value of pa, 90, 101 
Hooaywnb and atinhar foraa- 
1100,70 

Hubbard *»riiVi parity bottiii, 398 
H y d m g i In aoal, 40, 134 
available, 49 
by mlauhtioa, 40, LB4 . 
DoVf*a formula, 87, 40 
Hydmgu p. la pa, 07, 101 
H ydr o g aa In gua, 04, 180, 

194 


HBmda eoal, aoogfadtioo, BO 
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